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1.0  TECHNICAL  DISCUSSION 


1.1  Introduction 

The  steady-state  Spray  Combustion  Analysis  computer  Program  (SCAP)  determines  the 
state  of  the  propellant  combustion  product  mixture  at  any  point  along  the  axis  of  a  liquid 
bipropellant  rocket  engine  based  on  the  evaporation  rates  of  the  propellants.  The  model  is  based 
on  the  vaporization  model  of  Priem  and  Heidmann',  with  the  exception  that  gasdynamics  is 
treated  in  greater  detail.  The  Computer  Program  also  differs  from  the  one  presented  in  Reference 
1  in  that;  1)  the  different  equations  are  integrated  simultaneously  rather  than  in  nested  loops  and; 
2)  the  program  accepts  general  propellant  and  gas  property  data. 

This  version  of  SCAP  is  run  as  a  module  of  both  the  VIPER“  and  TDK^  computer 
programs. 

Necessary  inputs  to  the  program  are  propellant  flow  rate,  temperature,  injector  velocity, 
physical  properties,  and  drop  size  distribution  of  each  propellant,  and  also  the  chamber  pressure 
at  the  injector.  Assuming  steady-state  operation,  the  program  computes  the  condition  of  the 
propellants  and  combustion  products  by  integrating  (from  the  initial  conditions  at  the  injector) 
the  continuity,  momentum,  and  energy  equations  along  the  length  of  the  chamber.  The 
derivatives  of  all  variables  are  determined  explicitly  using  Euler  integration.  All  physical 
properties  are  either  input  as  tables,  or  computed  automatically  by  subroutines. 

The  output  of  the  steady-state  program  includes  the  annular  stabilty  parameters,  i.e., 
burning  rate  parameter,  drag  parameter,  relative  velocity  between  droplets  and  gases,  and  the 
Reynolds  number  based  on  the  speed  of  sound,  that  are  required  by  the  combustion  instability 
model  computer  program  described  in  Reference  4.  This  combustion  instability  model  is  an 
extension  of  the  nonlinear  analysis  of  combustion  instability  based  on  propellant  vaporization 
that  was  originally  developed  by  Priem  and  and  Guentert,  Reference  5.  Using  the  stability 
parameters  provided  by  the  steady-state  program  as  a  starting  point,  the  combustion  instability 
program  will  determine  the  minimum  threshold  disturbance  required  to  trigger  instability. 

The  methods  of  analysis  used  by  the  steady-state  program  are  described  below. 


1.2  Method  of  Analysis 

The  basic  model  used  in  the  Steady-State  Combustion  Program  is  an  extension  of  the 
original  work  of  Priem  and  Heidmann,  Reference  1.  The  model  considers  the  conservation 
equations  governing  the  heat,  mass,  and  momentum  transfer  of  a  spray  of  liquid  oxidizer  and  fuel 
drops  traveling  through  a  channel  filled  with  gas  phase  combustion  products.  The  assumption  is 
made  that  propellant  vaporization  is  the  rate  governing  mechanism  of  the  combustion  process 
and  that  vaporization  of  the  drops  can  be  expressed  by  a  Ranz  and  Marshall  type  correlation. 
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Reference  6.  The  drops  are  injected  at  specified  temperature  and  velocity,  as  a  distribution  about 
a  mass  median  drop  size  into  a  quiescent  chamber  of  combustion  gases.  As  the  drops  vaporize 
mass  into  into  the  combustion  chamber  the  gas  velocity  increases.  During  this  period  the  liquid 
temperature  increases  to  its  "wet  bulb"  value  and  the  droplet  velocities  decrease  because  of  drag 
forces.  After  the  drops  pass  through  the  zero  relative  velocity  region  they  are  accelerated  by  the 
combustion  gases. 


1 .2. 1  Propellant  Properties 

An  extensive  set  of  properties  must  be  provided  to  the  program  for  each  oxidizer/fuel 
combination.  This  is  accomplished  by  reading  the  appropriate  propellant  properties  deck,  as 
described  in  Section  3.  The  required  properties  include;  1)  the  equilibrium  composition  of  the 
combustion  products,  average  molecular  weight,  and  specific  heat  ratio  as  a  function  of  pressure, 
temperature,  and  mixture  ratio,  2)  viscosity  and  specific  heat  for  each  species  vs.  temperature,  3) 
species  molecular  weight,  4)  species  and  propellant  interaction  energies,  5)  species  and 
propellant  molecular  diameters,  and  6)  oxidizer  and  fuel  liquid  and  vapor  properties.  At  present 
the  following  propellant  property  combinations  are  provided  with  the  program: 

N2O4/N2H4 
N2O4  /  MMH 
N2O4  /  A50 
N2O4  /  UDMH 
LOX/RP-1 
LOX/gQHs 
Air  /  JP4. 

LOX/gH2  ,  and 

LOX  /  g  CH4 


1.2.2  Initial  Conditions 

The  first  step  in  the  computer  program  is  the  establishment  of  the  size  and  number 
distribution  of  the  drops  of  each  propellant  to  be  used  in  the  calculation.  The  drop  size 
distribution  for  each  propellant  is  determined  by  specifying  the  mass  mean  drop  diameter,  D,  a 
standard  deviation  Qg,  and  the  desired  number  of  drop  size  groups,  N.  A  drop  radius  vector,  r.  is 
then  computed  such  that,  assuming  a  log  normal  distribution  as  discussed  in  Reference  1,  each 
propellant  is  divided  into  N  groups  of  equal  mass.  Since  the  smallest  drop  group  sometimes 
dominates  a  combustion  instability  analysis,  it  can  be  similarly  subdivided  into  N,  groups,  so  that 
the  total  number  of  drop  groups  is  Nt  =  N  +  Ns  -  I . 

Next,  drop  mass  flux  and  number  flux  vectors  are  computed  using  the  drop  radius  vector, 
the  propellant  density,  and  the  injector  mass  flow  rate  for  each  propellant.  Once  these  vectors 
have  been  determined,  initialization  of  the  calculation  is  essentially  complete.  The  propellants 
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have  each  been  divided  into  a  large  number  of  drops  of  different  size  groups  with  known  mass, 
velocity,  and  temperature.  With  the  other  inputs  to  the  program  such  as  engine  geometry  and 
operating  conditions,  the.se  drop  properties  are  sufficient  to  calculate  mass,  heat,  and  momentum 
transfer  between  the  drops  and  the  combustion  gases,  and  subsequent  changes  in  conditions  of 
combustion  gases  and  drop  properties  as  a  result  of  these  exchanges.  Starting  with  the  conditions 
at  the  injector,  the  calculations  are  integrated  down  the  axis  of  the  chamber  to  describe  the 
conditions  throughout. 


1 .2.3  Mass  Transfer  (Vaporization)  for  Drops 

The  rate  of  evaporation  from  a  .spherical  drop  of  propellant  A  is  assumed  to  be  given  by: 

(Ibm/sec)  ( 1 ) 

which  is  equivalent  to  the  expression  given  by  Priem  in  Reference  1.  In  the  above  equation; 


Wa 


RT, 


Wa 

= 

transfer  rate,  mass  of  A  per  unit  time 

r 

= 

radius  of  drop 

(ft) 

k,n 

mass  transfer  coefficient,  determined  from  the 
Nus.selt  number,  Nun, 

km 

= 

Nu,n  Da  r/2 

(ftVsec) 

Nu,n 

= 

Nusselt  number  for  mass  transfer  (Sherwood  number) 

Da 

= 

diffusivity  of  A  at  the  conditions  in  the  film 

(ftVsec) 

Ma 

= 

molecular  weight  of  A 

Pa 

= 

vapor  pressure  of  A.  Pa  <  Pent 

(Ibf/ft-) 

P 

= 

chamber  pressure 

R 

= 

universal  gas  con.stant 

Tf 

average  absolute  temperature  in  the  vapor  film 
between  the  drop  and  the  bulk  gas 

T 

^  2 

(°R) 

Tl 

= 

liquid  drop  temperature 

m 

Tg 

= 

bulk  gas  temperature 

The  Nusselt  number  for  mass  transfer  is  determined  from  the  Ranz  and  Marshall  cqu.iiion 
(see  Reference  6,  page  647): 

Nu„i  =  2  +  0.6  Ref’^‘  Sc/^’  (unitless) 


where 
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Ref  — 

Ref  = 

Reynolds  number,  evaluated  at  film  conditions,  i.e. 
2rp,|U-V| 

Pf 

density  of  the  gas  in  the  film 

(unitless) 

(4) 

Pf 

(Ibm/ft-^) 

Pf 

viscosity  of  the  gas  in  the  film 

(Ibm/ft-sec) 

U 

velocity  of  the  combustion  gas 

(ft/sec) 

V 

velocity  of  the  drop 

(ft/sec) 

Scf  = 

Scf  = 

Schmidt  number  evaluated  at  film  conditions 
(Reference  6,  page  512),  i.e. 

Pf 

(unitless) 

(5) 

PfDA 

Knowing  the  Nusselt  number,  km  can  be  evaluated  and  Wa  for  the  drop  determined. 

The  time  rate  of  change  of  the  mass  of  a  drop  is  simply 

=  _w  (Ibm/sec)  (6) 

dt  ^ 

Knowing  the  evaporation  rate,  only  the  heat  transfer  rate  is  required  to  complete  an  energy 
balance  for  the  drop  and  determine  the  effect  of  net  energy  exchange  on  the  drop  temperature. 


1 .2.4  Heat  Transfer  Model 

The  rate  of  heat  transferred  to  the  drop  by  convection  is  determined  by  the  equation 
Q,  =  4n  r“  h°  (Tg  -  TJ  (BTU/sec)  (7) 

where 

Qc  =  heat  per  unit  time  transferred  by  convection 

h°  =  convective  heat  transfer  coefficient  corrected  for 

the  effect  of  concurrent  mass  transfer 

From  film  theory  (Preim,  Reference  1,  eq.  22  and  20)  h°  can  be  related  to  h,  the  heat 
transfer  coefficient  with  no  mass  transfer  by 

h  =  Nuhkf/2r  (BTU/sec-ft'-R)  (8) 


where  (Reference  1 ,  eq.  1 6) 


4 


z 


(unitless) 


(10) 


Am'h. 

CpAf  =  specific  heat  of  vapor  of  A  at  the  film  conditions.  (BTU/lbm-R) 

The  heat  transfer  coefficient  without  mass  transfer,  h,  is  determined  from  the  Ranz- 
Marshall  equation  (Reference  1,  eq.  22). 

Nuh  =  2  +  0.6  Ref'^'  Pcf'^'^  (unitless)  (11) 

where  Ref  is  determined  by  equation  (4),  and 


Prr 

Prf 

kf 


Prandtl  number  evaluated  at  film  conditions,  i.e. 

^PAf/T 

kf 

thermal  conductivity  of  the  gas  in  the  film 


(12) 


(BTU/ft-sec-R) 


When  the  convective  heat  transfer  to  the  drop  has  been  determined,  an  energy  balance  for 
the  drop  will  give  the  rate  of  change  of  temperature  of  the  drop. 


I  -2.5  Energy  Balance  for  Drops 

For  any  single  drop  the  rate  of  accumulation  of  energy  at  any  time  must  equal  the  net 
energy  transferred  to  the  drop.  By  equation  this  is  expres.sed  as 


mCpL 

dT, 

dt 

_  .  w  vrad 

~Qc  (BTU/sec) 

2Jg 

where 

m 

= 

mass  of  drop 

CpL 

= 

specific  heat  of  liquid  at  Tl 

X 

= 

latent  heat  of  vaporization  at  Tl 

'^rad 

radial  velocity  of  vaporized  propellant  leaving  the  drop  surface 
^rad  —  /  Pvap  S  ,  S  —  4kV~ 

J 

sr 

constant  for  conversion  of  mechanical  energy  to  thermal  energy 

In  applying  this  equation  it  is  assumed  that  the  drop  has  uniform  temperature  throughout 
due  to  rapid  internal  convection.  The  third  term  on  the  right  side  of  the  equation  is  the  kinetic 
energy  imparted  to  the  vapor  leaving  the  .surface.  Most  investigators  have  not  included  this  term 
since  it  is  u.sually  relatively  small.  It  has  been  included  here  since  it  could  be  important  for  small 
radii  and/or  when  the  drop  is  near  or  at  the  critical  temperature  of  the  propellant  and  X 
approaches  or  equals  zero. 
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From  equation  (13)  the  rate  of  change  of  the  drop  temperature  with  time,  or  distance,  can 
be  evaluated. 

The  procedure  just  described  to  determine  the  mass-transfer  rate  and  then  determine  the 
change  in  temperature  of  the  drop  is  the  one  normally  employed  in  the  program.  However,  when 
the  drop  temperature  approaches  the  boiling  point  of  the  liquid,  a  second  procedure  is  used  in 
order  to  eliminate  the  numerical  difficulties  associated  with  P-Pa  approaching  zero  in  the 
denominator  of  equation  (1).  Under  these  circumstances  the  energy  transfer  to  the  drop 
determines  the  rate  of  vaporization,  w,  which  can  be  found  by  evaluating  properties  at  Tl  equal 
to  the  liquid  boiling  point  at  the  chamber  pressure  and  by  setting  =  Equation  (13)  is  then 

dt 

solved  for  w. 

The  only  remaining  calculation  is  to  determine  the  rate  of  change  of  velocity  of  the  drop 
as  a  result  of  momentum  exchange  with  the  combustion  gas. 


1 .2.6  Force  Balance  for  Drops 


A  force  balance  on  the  drop  yields  the  equation 


-(U-V)|U-V| 

3  dt  ^^2 


pL 

drop  density 

V 

drop  velocity 

Cd  = 

drag  coefficient 

P 

gas  density 

u 

gas  velocity 

(14) 


The  drag  coefficient  is  found  as  a  function  of  Reynolds  number: 


Cd  = 

min(27Ref  ®\50) 

0<Ref<80 

Cd  = 

.271  Ref-^'^ 

80<Ref<10^  (15) 

Cd  = 

2 

Ref>10^ 

From  equations  (7),  (13),  and  (14),  and  since  dt  = 

dx/V,  the  differential  equations 

governing  drop  mass,  drop  temperature,  and  drop  velocity,  are  found  to  be: 


dm  _  _  w 

dx  "  V 


(16) 


6 


(17) 


dx 

and 


Qc 


2J 


mVC 


PL 


£V  _  3  1  p  |U-V[(U-V)^ 

dx  8  r  Pl  V 


(18) 


1 .2.7  Equations  for  Steady  State  Combustion 

For  one-dimensional  steady  state  flow,  consideration  of  fluxes  in  and  out  of  an 
incremental  length,  dx,  along  the  combu.stion  chamber  lead  to  expressions  for  continuity, 
momentum,  and  energy  at  any  point. 

The  continuity  equation  can  be  expressed  as 


(gas  flux)  (Mnicleflux)  ((oialfeed) 

O  +  Inim,  =  Ft  (19) 

where 

0  =  pUA  ,  gas  mass  flux 

p  =  gas  density 

U  =  gas  velocity 

A  =  the  local  cross-sectional  area  of  the  chamber 

Pi  =  number  flux,  i.e.,  the  number  of  drops  of  mass  mj  flowing  per  unit  time 

past  position  X.  (I/sec) 

nj  =  (no.  of  drops  in  group  iHfeed  rate  for  group  i)/(mass  in  group  i) 
iTii  =  mass  of  the  ith  drop 

Ft  =  total  propellant  feed  rate.  Ibs/sec. 

Ft  ~  Fqx  +  Ffuei  (20) 

It  follows  that 


dO 

—  + 
dx 


Sn. 


dm^ 

dx 


=  0 


so  that 


dx 


A  dx  J  p  dx  j 


^  1  ^  dm, 
(pA  dx  j 


(21) 


(22) 


The  momentum  equation  can  be  expressed  as 
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(23) 


-Ag 


dx 


(gas  mom.)  (part.mom.) 


dOU 

dx 


+  Ini 


dmjVi 

dx 


where 

g 

P 

Vi 


2 

gravitational  constant,  32. 174  ft/sec 
pressure 

velocity  of  the  ith  drop 


Since  equation  (21)  gives 

dO  dm: 

—  = 

dx  dx 


it  follows  that 


dx 


U  dm:  pU  dU 

+ - Itl:  - - - — 

Ag  dx  g  dx 


Ag 


Injm,— ^  +  IniVi 

dx 


dmj 

dx 


The  energy  equation  used  by  the  steady-state  program  is  simply: 


T 


y-lU^ 
2y  gR 


where 

T  =  gas  temperature 

To  =  gas  total  temperature 

Y  =  gas  specific  heat  ratio 

R  =  gas  constant,  R  /  M„ 

Mw  =  gas  molecular  weight 


It  follows  that 


dT 

dT„ 

1 

y-l 

dx 

dx 

gR 

Y 

,  dU  Y-1  U'  dM^  U'  dy 

U +  - - =^-l- r— 

dx  2y  M„  dx  2y  dx 


The  equation  of  state  used  by  the  steady-state  program  is 


P  =  pRT 

It  follows  that: 

^  _  J_^ _ P  dM,, 

dx  “  RT  dx  RT-  dx  TRM„  dx 


(24) 


(25) 


(26) 


(27) 


(28) 


8 


1.2.8 


Method  of  Numerical  Solution 


The  differential  equation.s  previously  described  are  solved  as  a  set  of  (1  +  N,„  +  Nf„ci) 
simultaneous  ordinary  differential  equations  using  the  4th  order  Runge-Kutta  Adams-Moulton 
integration  method  (see  Subroutine  RKAM).  The  form  the  equations  take  is  given  below. 

For  the  gas  phase,  a  single  ordinary  differential  equation  (the  momentum  equation)  is 
given  by  equation  24,  and  is  repeated  here  for  convenience. 


dx 


U  V'  dm, 
Ag  dx 


pU  dU 
g  dx 


dV 


dx 


-  +  Sn,V, 


dm^ 

dx 


The  terms  U,  p,  T,  du/dx,  dp/dx,  and  dT/dx  are  determined  from  equations  19,  27,  25,  22,  28, 
and  26,  respectively. 


u 

(Ft -In, mi) /pA 

p 

P/RT  ,  R  =  R/Mw 

T 

H 

1 

1 

G 

2y  gR 

dU 

U  dA  U  dp  1 

dx 

A  dx  p  dx  pA 

1  dP  P  dT 

dx 

RT  dx  RT-  dx 

dT 

dT,  1  y-l,,dU 

dx 

u 

dx  gR  y  dx 

dm^ 

dx 


Note  that  the  terms  dMw/dx  and  dy/dx  in  equations  (26)  and  (28)  are  neglected.  These  terms 
have  been  found  to  be  so  small  that  no  significant  error  results  from  their  elimination. 


For  the  condensed  phase  there  are  N,,,  +  Nf„ei  ordinary  differential  equations  (ODE's)  as 
given  by  equations  (16),  (17),  and  (18),  as  follows: 


i  = 

F2, 

...  No, ,.. 

'.  No,  +  Nfuel 

dm. 

w, 

L 

dx 

V, 

1 

-a 

Qc, 

-w-X- 

w,vL/2J 

dx 

m.ViCp,  , 

CL 

_< 

1 

3  1 

i 

Cl 

■v,)|u-v,| 

dx 

8r, 

Pr.i 

- ! 

V, 

(29) 

(30) 

(31) 
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The  methods  used  to  obtain  initial  values  for  the  above  ODE's  are  described  below. 
Initial  values  are  required  for  the  state  variables,  which  are  P,  U,  p,  and  T  for  the  gas  phase,  and 
mi,  Tu,  and  Vj  (i  =  l,2,...Nox  +  Nfuei)  for  the  condensed  phase. 

The  initial  values  for  the  gas  phase  are  set  as: 


P  =  input 

U  =  input 

p  =  P/RT 

where 


and 


R  =  R/M„ 

Mw  =  Mw  (0/F) 

(0/F)  =  input  (default:  (0/F)  =  Fox/Ffuei) 

T  =  T(0/F) 

From  the  above  it  can  be  seen  that  the  initial  value  for  the  gas  phase  mass  flow  is 


O  =  p  U  A 

The  input  feed  rate  to  the  system  must  be  adjusted  to  provide  mass  conservation.  The 
adjusted  values  are 


■  fuel 


Fox- 


F  - 

^fuel 


0/F 
0/F  +  l 


O 


0/F  +  l. 

F  +  F  =  F  -  d) 

*^ox  ^  ^fuel  *^7  ^ 


The  initial  values  for  the  condensed  phase  m,,  Tui,  and  Vi  are  obtained  as  described 
below.  A  single  initial  value  of  temperature  and  of  velocity  is  input  for  each  propellant;  Tl.ox, 
Tufuei,  Vox,  and  Vfuei.  These  initial  values  apply  to  all  oxidizer  drops  and  ^  all  fu^  drops, 
respectively.  A  single  mass  median  drop  size  is  also  input  for  each  propellant;  Dqx  and  Dfuei-  A 
drop  size  distribution  for  the  oxidizer  and  for  the  fuel  is  then  calculated  as  discussed  in  Section 
1.2.2.  Since  the  radius  of  the  drops  in  the  ith  group  is  now  known,  drop  volumes  for  the  ith 
group  are  calculated  as 

VOLi  =  -Ttr'  . 

3  ' 


The  mass  of  each  drop  is 


mi  =  Pi  VOLi 
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where 


pi  =  pi  (Tu). 

Initial  values  are  also  needed  for  the  drop  group  number  flux,  Uj,  which  is  the  number  of 
drops  of  mass  mi  flowing  per  second  past  the  initial  position.  The  adjusted  feed  rate  for  each 
propellant,  and  ,  is  used  to  calculate  the  nj.  For  the  oxidizer 


Po.x.i  ~ 

(see  ) 

where 

F  = 

‘  OX.l 

(mass  fraction  of  oxidizer  in  group  i)  F„ 

Values  for  the  fuel  are  calculated  in  the  same  manner. 


1 .2.9  Analysis  with  2D  Droplet  Velocity 

TRW  Inc.  has  developed  a  class  of  engines  which  feature  a  pintle  injector  design  in  which 
the  spray  pattern  is  not  directed  axially.  The  figure  given  below  illustrates  the  injection  process 
for  a  typical  pintle  injector  design. 


C 

L 


chamber  wall 


fuel 


Pintle 


^  re.sultant  stream 
%x 

\  _  _  _ 


Figure  1 .  Schematic,  TRW  Pintle  Injector  Spray 


The  injector  produces  a  cylindrical  fuel  sheet  that  is  axially  directed  along  the  outer  wall 
of  the  pintle.  Oxidizer  is  injected  near  the  end  of  the  pintle  in  the  radial  direction  as  a  planar 
sheet.  It  can  be  assumed  that  the  impingement  of  these  streams  produces  a  single  sheet  of 
oxidizer  and  fuel  directed  along  the  resultant  momentum  path,  and  is,  therefore,  shaped  as  a 
conic  frustum. 


II 


A  method  has  been  provided  in  the  code  by  which  this  type  of  flow  can  be  approximated. 
The  method  assumes  that  gas  velocity,  U,  is  directed  axially,  as  before.  However,  the  oxidizer 
and  fuel  sprays  are  assumed  directed  initially  along  a  common,  non-axial,  path  (the  path  of 
resultant  momentum).  Thus,  each  drop  group  velocity,  Vi,  is  represented  by  two  components,  Ui 
and  Vi.  The  velocity  and  distance  vectors  are  represented  as  shown  in  the  figure  given  below. 


0i  =  arc  tan  v/Ui 


ii 


ti 


J^ds, 

i 


dSi 


dti 


dx  /  cos  0i 


ds,  /y 


dx 

V.  cos0j 


Figure  2.  2D  Model:  Velocity,  Distance,  and  Time  of  Flight  for  the  ith  Drop  Group 


The  equations  given  previously  are  then  modified  as  shown  below. 

•  V^  =  u-+v.^ 

I  ^11 

and 

0i  =  arc  tan  (vj  Ui) 

•  In  equation  (24),  Ui  replaces  Vi 

•  In  equation  (29)  and  (30),  Vi  cos  0i  replaces  Vi 
For  example: 

dmj  _  Wj 

dx  Vj  cosOj 

•  Equation  (3 1 )  is  replaced  by 

dUj  ^  3  1  p  (U-Ui)|U-Ui| 
dx  8  q  pLi 


(32) 


Ui 


(33) 


and 


dv,  ^  3  1  p  -V,  V, 
dx  8  r.  p,,  u, 


The  TRW  LM  Descent  Engine  (LMDE),  and  its  derivative,  the  TR-201,  feature  a  pintle 
injector  in  which  the  oxidizer  is  injected  as  radial  spokes,  rather  than  as  a  sheet.  A  photograph  of 
the  LMDE  pintle  tip  is  shown  below  (from  Reference  7). 


Figure  3.  Post  Test  Photograph  of  Injector  and  Pintle  Tip 
for  Engine  No.  1/No.  3,  HEA  (S/N  023)  -  After  Approximately 
2390  Seconds  of  Firing  Time  (13738-66) 
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Note  that  two  types  of  oxidizer  injection  ports  are  used.  There  are  36  nearly  square  ports 
that  are  bisected  by  36  much  smaller  slit  shaped  ports.  The  later  are  displaced  slightly 
downstream  of  the  former.  This  type  of  injection  scheme  can  be  simulated  by  the  method 
described  below. 

The  fuel  modeled  as  three  drop  groups  which  result  from,  1)  fuel  sheet  impingement  with 
oxidizer  injected  from  the  larger  ports,  2)  fuel  sheet  impingement  with  oxidizer  injected  from  the 
smaller  ports,  and  3)  break-up  of  the  non-impinging  portion  of  the  fuel  sheet.  The  oxidizer  is 
modeled  as  two  drop  groups,  corresponding  to  situations  1  and  2,  above.  The  axial  position  of 
the  atomization  surface  is  assumed  to  be  the  same  for  each  drop  group.  Thus,  there  will  be  three 
resultant  momentum  streams,  illustrated  in  Figure  4,  below. 


fuel 


pintle 


no  ox  port 


small  ox  port 


Figure  4.  Momentum  Streams  Resulting  from  Two  Oxidizer 
Spokes  Impinging  on  a  Cylindrical  Fuel  Sheet 


1 .2. 10  Calculation  of  Mixture  Viscosity,  Specific  Heat,  and  Thermal  Conductivity 

The  viscosity  of  the  gas  mixture,  |Li,  is  calculated  by  the  method  of  Wilke  which  is 
described  on  page  24  of  Reference  6. 

For  the  viscosity  of  the  gas  film  around  the  propellant  drops,  an  arithmetic  average  of  the 
bulk  product  gas  and  the  fuel  vapor  both  taken  at  the  film  temperature  is  used.  The  viscosities  of 
the  individual  gas  species  are  provided  as  data. 
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The  specific  heat  of  the  gas  mixture.  Cp,  is  taken  as  the  molar  average  of  the  specific 
heats  of  the  species  present. 


The  thermal  conductivity  of  the  gas  mixture,  k,  is  calculated  by  Eucken's  equation  which 
is  described  on  page  257  of  Reference  6. 


k  = 


+1r|m 


R  =  R/M^^ 


Values  for  the  gas  mixture  viscosity,  specifies  heat,  and  thermal  conductivity  are 
calculated  in  the  program  by  subroutine  VKSGAS. 


1 .2. 1 1  Calculation  of  Vapor  Diffusivity 

Diffusivity  of  the  oxidizer  through  the  mixture,  or  of  the  fuel  through  the  mixture,  is 
calculated  using  the  methods  described  in  Reference  6.  Usage  of  the  Lennard-Jones  parameters 
are  as  described  on  page  511,  using  the  tables  presented  in  Appendix  B  of  Reference  6,  especially 
Table  B-2,  page  746.  The  diffusivity  is  calculated  using  Wilkes  equation;  i.e.,  equation  (18.4-25) 
on  page  57 1  of  Reference  6.  These  calculations  are  carried  out  by  subroutine  DIFFU. 


1.2.12  Stability  Parameters 

Stability  parameters  AV,L,  Rej,  and  D  are  calculated  for  each  of  the  oxidizer  and  fuel 
sprays  as  follows: 

Relative  Mach  number,  AV,  between  gas  and  liquid: 

AV  =  (U  -  V)  /a 

where 

a  =  local  speed  of  sound 

Burning  rate  parameter  (L)  which  is  defined  as: 

L  =  r„„f/E^. 

where 

ran  =  radius  of  annulus 
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f 

f 

w 


burning  rate  (fraction/inch) 
dm. 


Srij 


dx 


/  w 


propellant  flow  rate 
nozzle  contraction  ratio 


Reynolds  Number  (Rea): 

Rcd  =  2ra  p/|i 


Drag  Parameter  (D): 
D 


^Cpin.m. 


8  A  pV^r 
These  quantities  are  calculated  in  subroutine  PRINT. 


1.2.13  SCAP  -  ODK  Linkage 

Fuel  and/or  Oxidizer  vaporization  profiles  are  provided  by  SCAP  for  input  to  the  ODK 
module  of  either  VIPER  or  TDK.  The  profiles  are  given  as  a  function  of  path  length,  x,  in  the 
form 


[CL]/[Cj„  =  fW. 

The  function,  f(x)  is  obtained  as  described  below. 

The  continuity  equation  for  the  combustion  chamber  can  be  written  as 

where  (|)g  and  (t)L  are  the  gas  phase  and  liquid  phase  mass  flow  rates  at  any  chamber  cross  section. 
The  quantity  Fj  is  the  total  propellant  flow  rate  into  the  injector  (total  feed  as  measured  by  the  ox 
and  fuel  flow  meters,  Fj  =  Fox  +  Ffuei)- 

Since 

^vap.ox  ]^ox  ^vap.fuel  j^fuet 
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it  follows  that 


and 


gas  “ 

(t)g/FT 

L.ox  “ 

[i-nv.p,o,]F.„/FT 

'l-.ftiel  = 

“■  ^vap  fuel  ]Ff„cl  !  F| 

gas  Cl.ox 

+  CL.fuel  =  1  ■ 

Using  these  quantities  a  table  of  f(x)  vs  x  is  output  such  that 
[CL]/[CL]o  =  f(x). 

This  output  is  done  both  for  ox  and  fuel. 


The  quantity  [Cl]o  is  taken  at  x  =  Xo,  which  is  reached  when  the  gas  phase  mixture  ratio  is 
equal  to  an  input  value,  (OFEQ).  The  idea  here  is  that  the  gas  phase  is  initially  in  a  state  of 
equilibrium  since  it  is  oxidizer  rich  due  to  the  relatively  low  vapor  pressure  of  the  oxidizer  as 
compared  to  the  fuel.  It  is  well  known  that  oxidizer/fuel  mixtures  usually  combust  to  an 
equilibrium  product  as  long  as  the  mixture  ratio  is  not  excessively  fuel  rich. 

Since  the  table  f(x)  vs  x  is  not  always  smooth  and  can  contain  many  entries  (more  than 
1000),  and  also  since  the  derivative  quantities  f  and  f"  are  required,  it  is  useful  to  prepare  curve 
fits  of  the  results.  The  method  used  here  for  curve  fitting  the  data  is  described  below. 


The  function,  f,  to  be  fit  is  shown  in  the 
adjacent  figure.  Note  that  f(o)  =  1  and  then  decays 
monotonically;  but  may  or  may  not  reach  zero 
(100%  vaporization).  The  function  is  defined  by 
many  points  in  a  table.  The  fit,  however,  is  made 
using  a  few  points  obtained  by  interpolation.  The 
form  of  the  fit  is 


F  =  -^  +  B  +  CX 
X  +  e 

where  e  is  a  small  number  used  to  remove  the 
singularity  at  x  =  0.  The  curve  fit  coefficients  (A. 
B,  C)  are  determined  from: 
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_J _ 

Xi_i+e 

1 

Xj+e 

_J _ 

Xi+i+e 


1  Xi_i 

1  Xi 

1  Xi+i 


T 

1 

B 

II 

fi 

C 

fi+i 

Here,  the  curve  defined  by  f  is  divided  into  N  segments.  An  odd  number  of  points,  M  =  2N+1, 
are  obtained  by  interpolation  and  a  three  point  fit  is  computed  for  each  segment. 

It  follows  that 

f  =  -  A  (X+e)'^  +  C 

and 

f"  =  2A  (X+£) . 
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2.0  PROGRAM  DESCRIPTION 

The  Steady-State  computer  program  consists  of  a  main  program  and  the  subroutines  listed 
below.  Subroutines  suppled  the  operating  system  and  the  plot  software  are  not  listed. 


Callable  Subroutines  (see  Figure  5) 

SCD,  SCAP  control  subroutine 

ALM 

BOIL 

COMP 

DIFFU,  see  Section  1.2. 1 1 

DISTl 

DROP 

ERFIN 

FOAM 

GDERIV 

IN 

INITPL 

KFIT 

LINI 

LINIR 

LNGRIN 

LOGDIS 

MASS 

OUT 

PDROP 

PLOTM 

PLOTPROP 

PLOTT 

PRINT 

RKAM 

RSET 

SCDERIV 

SCPRNT 

SCPROP 

SCSTREAM 

SGECO 

SGESL 

SPLOT 

TGINT 

UTDROP 

VAPOR 

VKSGAS,  see  Section  1.2.10 

WTMINT 

YDY 
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Function  Subroutines 


CD 

CPL 

CVAP 

FKA 

PVAP 

RHO 

RT 

TBL 

VISCV 


Thirteen  of  the  above  subroutines  are  used  to  obtain  properties  for  the  oxidizer,  fuel,  and 
combustion  product  gas. 

These  subroutines  are  described  briefly  in  Tables  1  and  2,  respectively. 

Descriptions  of  some  of  the  more  important  Fortran  variables  are  given  in  Table  3. 
Throughout  the  program  the  index  1=1  is  used  for  oxidizer,  and  the  index  1=2  is  used  for  fuel.  As 
many  as  20  drop  groups  can  be  used  for  each  propellant.  Thus,  in  Table  4  a  dimension  of  (20,2) 
refers  to  (drop  groups,  propellant). 

Ploting  is  accomplished  by  using  calls  to  the  plot  software  subroutines  AXIS,  LINE, 
NUMBER,  PLOTS,  etc. 

Several  subroutines  are  described  in  more  detail  at  the  end  of  this  section. 
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VIPER  or  TDK 


Figure  5.  Subroutine  Flow  Chart 
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►  GDERIV 


Table  1.  Propellant  Properties  Function  Subroutines 


Subroutines 

Property  (Units) 

Independent 

Variable 

(Units) 

ALM 

A,a 

,  heat  of  vaporization 

(BTU/lb) 

liquid  temperature  (°R) 

CPL 

Cp 

,  liquid  specific  heat 

(BTU/lb-°R) 

liquid  temperature  (°R) 

CVAP 

Cp. 

,  vapor  specific  heat 

(BTU/lb-°R) 

temperature  (°R) 

FKA 

kA 

,  vapor  thermal  conductivity  X  10*’ 

(lbm/in-sec-°R) 

temperature  (°R) 

PVAP 

Pa 

,  vapor  pressure  (psia) 

liquid  temperature  (°R) 

RHO 

pL 

»  liquid  density  (Ib/in’ ) 

liquid  temperature  (°R) 

TBL 

Tbl 

,  boiling  temperature  (°R) 

pressure  (psia) 

VISCV 

Pa 

,  vapor  viscosity  x  1 0* 

(Ibm/in-sec) 

temperature  (°R) 
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Table  2.  Combustion  Species  Properties  Subroutines 


Subroutines 

COMP 

DIFFU 


TGINT 

VKSGAS 

WTMINT 


D 


CTi 

e,/k 


Ei/k 

e/k 

To 

P 

Cp 

k 


Mwj 


M,v 


Property  (Units) 

combustion  gas  composition  (mole  fraction)  vs  0/F  ratio  at  3 
different  pressures  (psia) 

calculates  diffusion  coefficient  of  fuel  and  oxidizer  through 
combustion  mixture 

Leonard  Jones  Parameters 

atomic  radius  of  oxidizer  (°A) 

atomic  radius  of  fuel  (°A) 

atomic  radius  for  each  species  (°A) 

interaction  energy  of  oxidizer  (°K) 

interaction  energy  of  fuel  (“K) 

interaction  energy  for  each  species  (°K) 

flame  temperature  ('R)  vs  0/F  ratio  at  3  different  pressures  (psia) 

viscosity  (Ibm/in-sec)  vs  temperature  (°R)  for  each  species 
specific  heat  (BTU/mole-°R)  vs  temperature  (°R)  for  each  species 
thermal  conductivity,  BTU-in-sec-®R 
molecular  weight  of  each  species 

combustion  gas  molecular  weight 
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Table  3.  Fortran  Variable  Descriptions 


FORTRAN  NAME 

SYMBOL 

DESCRIPTION 

AX 

Ac 

chamber  cross-sectional  area,  function  of  x,  calculated  in  STREAM 

AXMIN 

A, 

area  of  throat 

FUNCTION  CD 

Cd 

drag  coefficient 

Cp 

heat  capacity: 

FUNCTION  CPL 

-  of  liquid 

FUNCTION  CVAP 

-  of  vapor 

CPA 

-  of  vapor  at  average  mantle  temperature 

CPB 

-  of  bulk  products  at  average  mantle  temperature 

CPG 

-  of  bulk  products  at  static  temperature 

CPAV 

-  of  mantle  mixture 

DFU 

D 

molecular  diffusion  coefficient 

DM  (20,2) 

dmji/dx 

DN  (20,2) 

tiji 

number  of  drops/sec.  in  each  drop  size  group 

DT  (20,2) 

dTt.ii/dx 

DV  (20,2) 

dVj/dx 

EM  (20,2) 

rtiji 

mass  of  drop 

EMD 

Ft 

feed  flow  rate,  total,  F-p  =  F^,;  +  Ffu^i 

ENDOT(2) 

Wi 

feed  flow  rates,  ox  and  fuel,  (Ibm/sec) 

ENPM(2) 

-Wj 

=  Z  nj  dmji/dx 

ETA 

nozzle  contraction  ratio 

k 

thermal  conductivity 

FUNCTION  FKA 

-  of  vapor 

FKB 

-  of  bulk  products  at  average  mantle  temperature 

FKG 

-  of  bulk  products  at  static  temperature 

FKAV 

-  of  mantle  mixture  at  average  temperature 

FNUH  (20,2) 

NUh 

Nusselt  number,  heat  transfer 

FNUM  (20,2) 

Nu„, 

Nusselt  number,  mass  transfer 

FVAP 

Total  propellant  fraction  vaporized 

FVAPl 

local  oxidizer  fraction  vaporized 

FVAP2 

local  fuel  fraction  vaporized 

GAM 

Y 

ratio  of  specific  heats  of  product  gas 

NSET(2) 

Hi 

number  of  drop  groups,  exidizer  and  fuel 
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Table  3.  Fortran  Variable  Descriptions  (continued) 


FORTRAN  NAME 

SYMBOL 

DESCRIPTION 

P 

P 

static  bulk  gas  pressure 

PA 

P 

vapor  pressure,  calculated  by  Function  PVAP 

PHI 

O 

gas  mass  flow  rate.  ft>  =  pUA 

PR  (20.2) 

Pr 

Prandtl  number 

R 

R 

universal  gas  constant,  subroutine  REED 

RAT 

(i/f 

mixture  ratio  =  EMDOT(  1  )/EMDOT(2) 

RG 

R 

gas  constant.  R/m„ 

Re 

drop  Reynolds  number 

RE  (20,2) 

-  bulk  gas  properties 

REP  (20,2) 

-  mantle  properties 

P 

density 

RH 

-  of  liquid,  calculated  by  function  RH0 

RHOG 

-  of  bulk  gas  at  static  temperature 

RHOAV 

-  of  mixture  in  mantle  at  average  temperature 

RM(2) 

radius  of  mass  median  droplet 

RS  (20.2) 

r 

drop  radius 

FUNCTION  RT 

ft 

distance  from  drop  .surface  to  decomposition  flame 

RVAP 

f 

vaporization  rate  of  spray  (fraction/in.) 

SC  (20,2) 

Sc 

Schmidt  number 

SDSPD 

a 

speed  of  sound 

TB 

Th 

boiling  point  temperature,  calculated  by  function  TBL 

T 

temperature 

TG 

-  static  gas.  T^ 

TL  (20.2) 

-  liquid.  T|  jj 

TSTG 

-  stagnation.  Tg„ 

TWB 

T,vh 

wet  bulb  temperature  in  subroutine  TWFL 

U 

U 

gas  velocity 

V  (20.2) 

drop  velocity 

VD  (20,2) 

U-Vji 

gas-drop  relative  velocity 

M 

viscosity,  calculated  by  subroutine  VKSGAS 

VIS 

-  of  bulk  products  at  static  temperature 

VISB 

-  of  bulk  products  at  average  mantle  temperature 
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Table  3.  Fortran  Variable  Descriptions  (concluded) 


FORTRAN  NAME 
VISAV 
WCON(2) 

WTML 
WTMAV 
WTMOL 
WW  (20.2) 

X 

XL 

Z 


SYMBOL 


DRSCRIPTION 


-  of  mantle  mixture  at  average  temperature 
27tM„,i/R 

M  molecular  weight  of  vapor,  calculated  by  subroutine  WTMINT 

-  of  mantle  mixture 

-  of  propellant,  input 

Wji  vaporization  rate  of  single  drop  (Ibm/sec) 

X  axial  position  (usually  x=0  at  injector) 

K  evaporation  rate  constant,  calculated  by  function  XK 

z  correction  factor  for  mass  transfer,  defined  by  equation  (10) 


SUBROUTINE  DISTl 

Input:  D,N,ag 

Output:  Dj,  (2j-l)/2N  ;j  =  l,  ...N 

Description:  _ 

Given  an  arbitrarily  large  number  of  spherical  drops  of  mass  mean  diameter,  D,  which 
are  assumed  to  possess  a  logarithmic  normal  distribution  about  D,  then  the  distribution  of  mass 
of  drops  as  a  function  of  size  is  described  by: 


D^na„ 


exp 


2" 

1 

fn=r 

D 

2 

fUGg 

V  ^ 

(a) 


where 

D  is  drop  diameter 

f  is  the  fraction  of  mass  in  drops  smaller  than  D 

Og  is  the  geometric  standard  deviation. 

The  purpose  of  this  subroutine  is  to  determine  a  set  of  N  drop  diameters 
Dj  j=l,  ...N 
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such  that 


2j-l 

2N 


(b) 


For  example,  if  D  =  30  microns,  then  integrating  equation  (a)  will  yield  values  of  f  as  indicated 
by  the  solid  line  in  Figure  6.  If  this  distribution  is  then  replaced  by  N=5  discrete  drop  groups, 
then  the  resulting  distribution  will  be  as  indicated  by  the  dash  line  in  the  figure  where  equation 
(b)  is  used  to  obtain  the  particle  group  diameters.  Dj. 

The  method  solves  equation  (b)  directly,  using  the  inverse  error  function  (subroutine 
ERFIN). 


Figure  6.  Drop  Size-mass  Distribution  for  Standard  Deviation  of  2.3,  Reference  1 . 
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FUNCTION  ERFIN(ERF) 


The  inverse  error  function  is  calculated  using  a  rational  polynomial  approximation. 
Given  a  value  of  the  error  function,  erf(z),  the  corresponding  value  of  z  if  found  as  described 
below.  It  is  necessary  that 


- 1  <  eif(z)  <  +  1 

otherwise  an  error  message  is  printed. 

Given 


y  =  erf(z) 
The  argument  z  is 


1  +  ^b, +^^b2+^-b, 

where 


and 


5 

5 


+  1  for  y  positive 
-  1  for  y  negative 


2 


ao 

=  2.515517 

b,  = 

1.432788 

ai 

=  .802853 

b2  = 

.189269 

a2 

=  .010328 

ba 

.001308 

The  error  function  is  defined  as 


erf(z) 
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SUBROUTINE  RKAM 


The  purpose  of  this  subroutine  is  to  solve  a  set  of  N  simultaneous,  first  order,  ordinary 
differential  equations  of  the  form: 


yr  =  fi  (X,  yi,  y2 . yn),  i  =  l,-,n 


This  subroutine  operates  in  one  of  three  modes: 

1 .  Adams-Moulton  variable  step 

2.  Adams-Moulton  fixed  step 

3.  Runge-Kutta  fixed  step 

Restrictions 


1 .  No  internal  checks  are  made  for  over  flow  or  under  flow. 

2.  The  user  must  provide  an  auxiliary  subroutine  which  evaluates  the  first  order  derivatives. 
(See  AUXSUB  under  Calling  Sequence). 

3.  Initial  conditions  for  both  variables  and  derivatives  must  be  stored  in  their  respective 
locations  prior  to  entering  RKAM. 

Usage 

Calling  Sequence: 

CALL  RKAM  (XDP,  HOP,  VAR,  DER,  AUXSUB,  N,  OPT,  EU,  EL,  HMAX, 

HMIN,  ICNT,  TEMPS,  NH) 


where 


XDP 

HDP 

VAR 

DER 

AUXSUB 


N 

OPT 

EU 

EL 

HMAX 

HMIN 

ICNT 


=  X,  the  independent  variable  in  double  precision. 

=  h,  the  integration  step-size  in  double  precision. 

=  N-dimensional  vector  of  dependent  variables 

(y ,  y  ,-,y  )• 

=  N-dimensional  vector  of  derivatives 

(y  y  ',-,y  ’). 

=  Name  of  the  auxiliary  subroutine  that  computes  derivatives  and  stores 
them  in  DER  (1)  to  DER  (N).  The  calling  program  must  contain  an 
external  statement  containing  this  name.  Calling  sequence  must  be 
CALL  AUXSUB. 

=  Number  of  equations. 

=  Option  indicator,  zero  for  AM,  non-zero  for  RK  only. 

=  N-dimensional  vector  of  upper  bounds.  (See  Method). 

=  N-dimensional  vector  of  lower  bounds.  (See  Method). 

=  Absolute  value  of  maximum  allowable  step-size. 

=  Absolute  value  of  minimum  allowable  step-size.  (HMIN>0). 

=  Internal  counter  -  must  be  set  to  zero  initially  or  when  restarting. 
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TEMPS 


=  A  two-dimensional,  (9,N),  storage  region.  TEMP  (1,1),  I=1,...N  must  be 
set  to  zero  initially  or  restarting.  The  least  significant  parts  of  the 
dependent  variables  are  stored  here. 

NH  =  Index  of  the  equation  that  caused  halving  when  step-size  has  been 

reduced. 

VAR,  DER  and  all  other  locations  referred  to  in  both  the  main  program  and  the  auxiliary 
subroutine  must  be  assigned  in  COMMON  statements.  If  the  step-size  is  changed  outside  of 
RKAM,  the  restart  flag,  ICNT,  must  be  set  to  zero.  This  restriction  does  not  apply  in  the  "RK 
only"  mode.  HMAX,  HMIN,  EU  and  EL  are  also  irrelevant  in  this  mode. 

The  subroutine  employs  the  fourth-order  Adams-Moulton  predictor-corrector  method 
using  the  classical  fourth-order  Runge-Kutta  method  to  obtain  starting  values.  The  user  is 
referred  to  Hildebrand,  Introduction  to  Numerical  Analysis,  pp.  199,  237,  and  247  for  theory  and 
formulas. 

AM  has  the  following  advantages  with  respect  to  RK: 

1.  Only  half  as  many  derivative  evaluations  per  integration  step  are  required  to  attain  the 
same  order  of  accuracy. 

2.  The  local  truncation  error  may  be  estimated  at  the  conclusion  of  each  integration  step 
thereby  providing  a  means  for  step-size  control. 

For  each  variable  the  local  truncation  error  is  approximately  one-fourteenth  the  difference 
between  the  predicted  and  corrected  values,  that  is 


In  RKAM,  the  difference  Dj  =  |  yi*'"’  -  y,*’’’  |  are  formed  and  compared  with  positive 
numbers  EUi  and  ELj.  If  Dj  >  Ej  for  any  i,  the  step  size  is  halved  provided  1  h/2  |  >  -  HMIN.  If  Di 
<  ELj  for  all  >  and  for  three  successive  steps,  the  step  size  is  doubled  provided  |  2h  |  <  HMAX. 
(Note  that  h  may  be  held  fixed  either  by  setting  HMIN  =  HMAX  or  by  making  EUi  and  Eli 
prohibitively  large  and  small  respectively).  If  halving  is  ealled  for  during  the  first  AM  step 
following  the  three  initial  RK  steps,  the  step-size  is  halved,  the  independent  variable  is  set  back 
to  its  initial  value  and  the  three  RK  steps  are  repeated.  This  will  continue  until  the  first  AM  step 
is  successfully  taken.  From  this  point  on  halving  is  effected  by  interpolation  of  past  data  whereas 
doubling  is  accomplished  by  alternate  selection  of  past  data. 

In  selecting  EU  and  EL,  one  should  note  the  following: 

1.  The  test  is  an  absolute-test.  To  control  relative  error  EUi  and  EU  should  be  computed  as 
functions  of  yi  prior  to  each  integration  step. 

2.  Although  the  loeal  taincation  error  in  yi  is  not  allowed  to  exceed  EUi,  this  does  not  imply 
that  the  cumulative  error  will  not  exceed  EUi.  Therefore,  EUi  and  ELi  should  depend 
upon  the  maximum  allowable  cumulative  error  and  the  number  of  integration  steps. 
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3.  Since  doubling  h  will  multiply  the  truncation  error  by  a  factor  of  2,  ELj  should  be  chosen 
less  than  EUi/32  if  the  advantages  of  doubling  are  not  to  be  short-lived. 

To  control  round-off,  the  independent  variable  is  accumulated  in  double  precision  and  the 
dependent  variables  are  accumulated  in  partial  double  precision. 
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3.0  INPUT  DESCRIPTION 


The  input  data  is  divided  into  two  sets,  1)  propellant  properties  data,  and  2)  case  input 

data. 


The  propellant  properties  data  contains  all  of  the  properties  discussed  in  Section  1 .2. 1  that 
are  necessary  to  run  a  given  oxidizer/fuel  combination.  The  appropriate  propellant  properties 
data  set  must  be  inserted  into  the  input  stream.  A  good  deal  of  labor  is  required  to  prepare  each 
such  propellant  properties  data  set.  The  data  sets  currently  provided  with  the  program  are  listed 
below. 


oxidizcr/fuci 

file  name 

(0/F)Stoic 

state 

pressure  ranee 

air/JP4 

JP4.DAT 

14.46 

gas/liquid 

P  =  29.4  psi 

LOX/GH2 

02H2.DAT 

7.94 

liquid/gas 

200  <  P  <  400  psi 

LOX/GH2 

LOXH2.MID 

7.94 

liquid/gas 

400<P<  1500  psi 

LOX/GH2 

LOXH2.DAT 

7.94 

liquid/gas 

1500<P<3500psi 

LOX/CH4 

METHANE.MID 

4.0 

liquid/gas 

500<P<  1500  psi 

LOX/C3H8 

PROPAN.MID 

3.63 

liquid/gas 

500<P<  1500  psi 

LOX/RP-1 

RPl.DAT 

3.40 

liquid/liquid 

200  <  P  <  350  psi 

LOX/RP-1 

F-I.RPl 

3.40 

liquid/liquid 

500<P<  1500  psi 

NTO/N2H4 

N2H4,DAT 

1.44 

liquid/liquid 

100<P<  1000  psi 

NTO/A50 

A50,DAT 

2.25 

liquid/liquid 

100<P<  1000  psi 

NTO/MMH 

MMH.DAT 

2.50 

liquid/liquid  , 

50  <  P  <  3000  psi 

NTO/UDMH 

UDMH.DAT 

3.06 

liquid/liquid  , 

100<P<  1000  psi 

Input  specifications  for  preparing  a  propellant  properties  data  set  are  presented  in  Section 
3. 1 .  Input  required  to  execute  a  case  is  described  in  Section  3.2. 
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3.1  Propellant  Properties  Data  Input 

The  propellant  properties  data  consists  of  the  drop  liquid  and  vapor  properties,  and  the 
properties  of  the  combustion  product  gas.  The  $INPUT  namelist  used  to  read  tables  defining 
these  properties  is  given  below.  Listings  for  existing  propellant  property  data  sets  are  presented 
in  Appendix  A.  LOX  liquid  and  vapor  properties  are  determined  by  curve  fits  rather  than  tables; 
see  Appendix  B.  A  formatted  printout  of  the  propellant  data  file  is  written  to  unit  89  whenever  a 
ca,se  is  run. 

$INPUT  =  Namelist  name  read  in  Subroutine  IN. 

NAMES(l)  =  Label  used  to  identify  the  oxidizer  and  fuel  e.g.  NAMES(l)  =  'LOX',  'RP-T. 

FLAMEF  =  0  -  Burning  drops  see  local  mixture  ratio 

1  -  Oxidizer  controlled  burning 

2  -  Fuel  controlled  burning 
Default  value  is  0. 

TFLAME  =  Flame  temperature  (°R)  to  be  used  for  the  oxidizer  if  FLAMEF=1,  fuel  if 
FLAMEF=2,  above. 

PCRIT(  1 )  =  Critical  pressure  for  oxidizer  (psi). 

PCRIT(2)  =  Critical  pressure  for  fuel  (psi). 

NSP  =  The  number  of  chemical  species  to  be  considered. 

1  <NSP<  15 

SPNAME(  1 )  =  The  names  of  the  chemical  species,  e.g.,  SPNAME(l)  =  'H',  'H2',  etc.  (for  print 
out  only). 

WM(  1 )  =  Molecular  weight  of  each  chemical  species. 

EPSI(  1,1)  =  Interaction  energy  (e/k)  of  each  chemical  species  (°K). 

SIGMA(1,1)  =  Molecular  diameter,  Oj,  of  each  chemical  species  (Angstroms  =  10  '°  M). 

EPSOF(l)  =  Propellant  molecular  interaction  energy  (°K). 

EPSOF(l)  =  (Ej/k)  for  oxidizer 
EPSOF(2)  =  (Ez/k)  for  fuel 

SIGOF(  1)  =  Propellant  molecular  diameter  (Angstroms  =  10'*'^  M). 

SIGOF(l)  =  aox 
SIGOF(2)  =  afuei 
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WTMOL(  I ) 

NR 

R(l) 

NPRES 

PRSS(l) 

YSP(  1,1,1) 

YSP(1,I,2) 

YSP(  1,1,3) 

WMTAB(1,1) 
WMTAB(1,2)  = 
WMTAB(1,3)  = 
TC1(1,1) 
TC1(1,2) 
TC1(1,3) 
FGAMT(l)  = 
NT 

TTAB(l) 
VSP(l.l) 
CPTAB(1,1)  = 


Propellant  molecular  weight. 

WTMOL(l)  =  M,vox 
WTMOL(2)  =  M,v,fuei 

Number  of  mixture  ratio,  O/F,  values  for  which  properties  are  to  be  input. 
1<NR<15 

Mixture  ratio  values,  O/F. 

Number  of  pressure  values  in  PRSS(  1). 

Up  to  three  values  of  stagnation  pressure  (low,  mid,  and  high)  for  which 
properties  of  the  product  gases  have  been  prepared  (psi). 

Low  pressure  values.  Mole  fraction  for  each  species,  I  =  1,2,..NSP  at  each 
O/F. 

Mid  pressure  values.  Mole  fraction  for  each  species,  I  =  1,2,..NSP  at  each 
O/F. 

High  pressure  values.  Mole  fraction  for  each  species,  I  =  1,2,,.NSP  at  each 
O/F. 

Low  pressure  values.  Gas  molecular  weight  for  each  O/F. 

Mid  pressure  values.  Gas  molecular  weight  for  each  O/F. 

High  pressure  values.  Gas  molecular  weight  for  each  O/F. 

Low  pressure  values.  Gas  stagnation  temperature  for  each  O/F  (°R). 

Mid  pressure  values.  Gas  stagnation  temperature  for  each  O/F  (°R). 

High  pres.sure  values.  Gas  stagnation  temperature  for  each  O/F  (°R). 
y  value  for  each  O/F  at  the  mid  range  pressure. 

Number  of  temperature  values  for  which  the  species  Cp  and  |i  are  to  be  input. 
1<NT<15 

Temperature  values  for  the  species  Cp  and  p  (°R). 

Py,  viscosity  (xlO^)  at  temperature  i  for  species]  (Ibm/in-sec). 

Cpij,  specific  heat  at  constant  pressure  at  temperature  i  for  species  j 
(BTU/mole-°R). 
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NTL(l) 

NTL(2) 

TLI(I,1) 

TLI(1,2) 

PV(1,1) 

PV(1,2) 

RHOL(l,l) 

RH0L(1,2) 

CP(1,1) 

CP(1,2) 

LAM(1,1) 

LAM(1,2) 

NTFLM(l) 

NTFLM(2) 

TFILM(1,1) 

TFILM(1,2) 

VVIS(1,1) 

VVIS(1,2) 

KVAP(1,1) 

KVAP(1,2) 

CPVAP(1,1) 


The  number  of  entries  for  the  temperature  of  the  liquid  phase  of  the  oxidizer, 
<15. 

The  number  of  entries  for  the  temperature  of  the  liquid  phase  of  the  fuel,  <15. 

Tl.ox;  Liquid  phase  temperatures  for  the  oxidizer  (°R). 

Tufuei;  Liquid  phase  temperatures  for  the  fuel  (°R). 

Pvap.ox;  vapor  pressure  for  the  ox,  liquid  phase,  vs  Tl.ox  (psi). 

Pvap.fuei;  vapor  pressure  for  the  fuel,  liquid  phase,  vs  TLjuei  (psi). 

Pl,ox;  density  for  the  ox,  liquid  phase,  vs  Tl,ox  (Ib/in^). 

Note:  (Ib/in  **3)  =  (g/cc)  *.03616. 

Pufuei;  density  for  the  fuel,  liquid  phase,  vs  TL.fuei  (Ib/in  ). 

CpLioxi  specific  heat  for  the  ox,  liquid  phase,  vs  Tl.ox  (BTU/lb-°R). 

CpL,fuei;  specific  heat  for  the  fuel,  liquid  phase,  vs  T^fuei  (BTU/lb-°R). 

X,ox;  heat  of  vaporization  for  the  ox,  vs  Tl,ox  (BTU/lb). 

A.fueii  heat  of  vaporization  for  the  fuel,  vs  TL  fuei  (BTU/lb). 

Number  of  gas  phase  (vapor  film)  temperatures  for  oxidizer,  <15. 

Number  of  gas  phase  (vapor  film)  temperatures  for  fuel,  <15. 

Tvap.oxi  vapor  film  temperature  (°R). 

Tvap.fuei;  fuel  vapor  film  temperature  (°R). 

Bvap.ox  xlO^;  ox  vapor  viscosity  (Ibm/in-sec),  vs  Tvap.ox- 

Pvap.fuei  xlO®;  fuel  vapor  viscositiy  (Ibm/in-sec),  vs  Tvap.fuei- 

kvap.ox  xlO^;  ox  vapor  conductivity  (BTU/in-sec-°R),  vs  Tvap.ox- 

kvap.fuei  xlO^;  fuel  vapor  conductivity  (BTU/in-sec-°R),  vs  Tvap.fuel- 

Cp.vap.oxi  OX  vapor  specific  heat  (BTU/lb-°R),  vs  Tvap.ox- 
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CPVAP{1,2) 

=  Cp  vap.fueN  fucl  vapor  specific  heat  (BTU/lb  °R),  vs  T 

VISL(15,2) 

=  Liquid  viscosity  (Ib/in)  vs  temp  (°R). 

(Required  data  for  drop  size  predictions.) 

STL(I5.2) 

=  Surface  tension  (Ib/in)  vs  temp  (°R). 

(Required  data  for  drop  size  predictions.) 

SEND 

3.2  Case  Data  Input,  $SCAP 

The  input  is  read  using  FORTRAN  NAMELIST.  Familiarity  with  this  standard  input 
procedure  is  assumed.  All  of  the  ca.se  data  is  input  under  the  name  $SCAP  as  de.scribed  below. 
Default  values  for  the  Namelist  items  are  listed  in  parenthesis  beside  equal  sign.  The  index  (I) 
denotes  drop  type  :  I  =  1  for  oxidizer.  I  =  2  for  fuel.  The  index  (J)  denotes  drop  group.  Twenty, 
or  less,  drop  groups  are  allowed  for  each  propellant. 

The  nozzle  geometry  is  input  in  $DATA  of  the  TDK  computer  program\ 


SSCAP 

Propellant  Properties  File 

FILENAME  =  '  '  Text  defining  the  file  name  for  the  propellant  properties;  e.g. 

FILENAME  =  'E-LRPr. 

Mixture  Ratio  Inputs 


INDX 

=  (0) 

INDX  =  0:  oxidizer  and  fuel  system 

INDX=I:  oxidizer  .system  only 

INDX  =  2:  fuel  system  only 

EMDOT(I) 

= 

Fox  and  F|,n.|.  the  propellant  feed  rates  (Ibm/.sec)  oxidizer  (1=1 ) 
and  fuel  (1=2)  Ft  =  Fo,  +  Ffuei- 

RATI 

=  (RATMX) 

Initial  gas  O/F  ratio. 

RATMN 

= 

Minimum  O/F  ratio. 

RATMX 

= 

Maximum  O/F  ratio. 

OFSTOC 

= 

Stoichiometric  O/F  ratio  (not  required  input). 

BRNMAX 


Maximum  burn  rate  parameter  (used  only  to  limit  plotted 
values). 


Flow  Variables.  Initial  Values 


p 

= 

Chamber  pressure  (psia). 

u 

= 

Initial  gas  velocity  (in/sec). 

VI(I) 

= 

Droplet  injection  velocities  (in/sec)  oxidizer  (1=1)  and  fuel 
(1=2). 

TLL(I) 

= 

Droplet  injection  temperatures  (°R)  oxidizer  (1=1)  and  fuel 
(1=2). 

Flow  Variables  for  the  2  D  Option,  Initial  Values  (see  Section  1.2.9) 

TWOD  =  (0)  If  TWOD=l ,  then  the  2  D  option  will  be  used. 


For  the  2  D  option  the  initial  radial  position,  DIY,  is  required  and  the  injection  velocities 
VI(I)  are  replaced  by  VIX(J,I)  and  VIY(J,I). 


DIY 

=  (0.) 

Initial  Radial  Position  of  Drops  (inches). 

VK(J,I) 

=  (0,0) 

Initial  Axial  Jth  Drop  Velocity  (in/sec). 

VIY(J,I) 

=  (0,0) 

Initial  Radial  Jth  Drop  Velocity  (in/sec). 

Dropsize  Prediction  Variables 

IDROP  =  Dropsize  calculation  flag. 

0  =  input  dropsize 

1  =  calculate  dropsize  (will  override  IPART) 
DJ(I)  =  Injector  diameters,  ( 1 )  =  OX,  (2)  =  Fuel  (inch). 

ITYPE  =  Type  of  injector 

1  -  non-impinging 

2  -  like  on  like 

3  -  like  on  unlike 
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4  -  O-F-O  triplet 

5  -  F-O-F  triplet 

6  -  like  on  like  doublet 

7  -  shear/swirl  coaxial 

NEL(I)  =  Number  of  injector  elements,  ( 1 )  =OX,  (2)  =  Fuel  (inch). 


If  ITYPE  =  7 

DEEP 

FDJI 

FDJO 


Pressure  drop  of  center  spray  in  coaxial  injector  (psi). 

Annulus  inner  diameter  for  outer  gas  flowin  coaxial  injector 
(inch). 

Annulus  outer  diameter  for  outer  gas  flow  in  coaxial  injector 
(inch). 


Drop  Distribution.  Initial  Values 


IPART 

=  (1) 

Flag  for  dropsize  distribution. 

If  IPART  =  1 

log  normal  distribution  of  drop  sizes  is  used.  D,  ND,  NDl,  and 
SIG,  must  be  input. 

D(I) 

Initial  mass  median  diameter,  oxidizer  (1=1)  and  fuel  (1=2) 
drops  (microns). 

SIG(I) 

= 

Standard  deviation  for  drop  sizes,  oxidizer  and  fuel  drops. 

ND(I) 

=  (2*5) 

The  total  droplet  mass  is  subdivided  into  ND  groups  of  equal 
mass,  oxidizer  (1=1)  and  fuel  (1=2). 

NDl(I) 

=  (2*1) 

The  smallest  ND(I)  is  further  subdivided  into  NDl  groups  of 
equal  mass,  resulting  in  a  total  of  ND(I)  +  NDl  (I)  -1  groups. 
The  total  number  of  groups  must  be  <  20  for  the  oxidizer,  and 
<  20  for  the  fuel. 

If  IPART  =  2 

dropsize  distributions  are  input  using  NSET(I)  and  DS  (J,I). 

NSET(I) 

= 

Number  of  drop  groups,  oxidizer  (1=1)  and  fuel  (1=2) 
(MAX=20). 

DS(J,I) 

z= 

Diameter  of  drop  groups,  J=1,2,...,NSET(I),  oxidizer  (1=1)  and 
fuel  (1=2)  (microns). 
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Integration  Control 


X 

=  (0.) 

Initial  X  value  (inches). 

XSTOP 

=  (100.) 

Final  X  value  (inches). 

DX 

=  (.005) 

Initial  integration  stepsize. 

HMAX 

=  (.05) 

Maximum  integration  stepsize. 

HMIN 

=  (.0001) 

Minimum  integration  stepsize. 

EUR 

=  (.02) 

Upper  integration  relative  error  limit. 

ELR 

=  (.0006) 

Lower  integration  relative  error  limit  (set  such  that 
EUR/ELR>32). 

OPT  =  (0) 

Print  Plot  Control 

Integrator  flag: 

=  0  for  Adams  Moulton 
=  1  for  Runge-Kutta  (fixed  step,  DX) 

DXI(l) 

=  (1.0) 

Print  will  occur  between  XI  values  at  these  intevals. 

XSTOP  is  always  printed. 

XI(1) 

=  (100.) 

Values  for  control  of  print. 

From  XI(  1 )  to  XI(2)  Print  every  DXI(  1 ) 

From  XI(N)  to  XI(N+ 1 )  Print  every  DXI(N) 

PRINT  1 

=  (F) 

If  true,  additional  print  will  be  given  for  droplet  radius,  AV,  and 
Reynolds  nos. 

PLTPROP 

=  (F) 

If  true,  then  plot  input  propellant  properties  (see  Appendix  B 
for  an  example) 

IFPLOT 

=  (18*0) 

1 

1 

2 

3 

Plot  control  for  the  Ith  plot.  The  Ith  plot  will  be  output  if 
IFPLOT  (I)  =  1 

Ith  variable 
oxidizer/fuel  ratio 
gas  velocity 

oxidizer  drop  velocities  vs  distance 
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FACl 

Curve-Fit  data 
NFITS 

ISTART 

VAP 


4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 


fuel  drop  velocities  vs  distance 

oxidizer  drop  diameter  vs  distance 

fuel  drop  diameter  vs  distance 

oxidizer  drop  temperature  vs  distance 

fuel  drop  temperature  vs  distance 

fraction  vaporized;  ox.  fuel,  and  total  vs  distance 

vaporization  rate;  ox,  fuel,  and  total  vs  distance 

oxidizer  drop  velocities  vs  time 

fuel  drop  velocities  vs  time 

fraction  vaporized;  ox,  fuel,  &  total  vs  time 

vaporization  rate;  ox,  fuel,  &  total  vs  time 

oxidizer  &  fuel  (2  plots)  drop  axial  velocity  vs  radial  velocity 

(for  use  when  TWOD=  1 ) 

oxidizer  &  fuel  (2  plots)  Drop  Trajectories  (for  use  when 
TWOD=l) 

burning  rate  parameter;  ox,  fuel  and  total  (see  Section  1 .2. 1 2) 
vaporization  curve  fit  plot  set  (see  Section  1.2.13) 


=  ( 1 )  Scale  factor  for  plot. 

if  FAC  1  =  1,  then  the  plot  will  be  normal  size 

if  FAC1>1,  then  the  plot  will  be  enlarged  by  this  amount,  e.g.  FACI  =1.1 
for  10% 

if  FACl <1,  then  the  plot  will  be  reduced  by  this  amount 


(see  Section  1.2.13) 

=  (10)  Number  of  curve-fit  segments  to  be  used  in  matching  the 

vaporization  profile.  NF1TS<10 

=  (1)  If  ISTART=0,  then  the  curve  fits  will  start  at  the  x  value  where 

a  given  amount  of  the  injected  liquid  becomes  vaporized.  VAP 
is  input  to  .specify  this  value  of  vapor  fraction.  This  option  can 
be  used  with  any  system,  i.e.  liq-liq,  liq-gas,  or  gas-liq. 

If  ISTART=I,  then  the  curve  fits  will  start  at  the  x  value  where 
a  given  gas  phase  0/F  is  reached,  i.e.  the  input  value  OFEQ. 
This  option  is  intended  for  use  with  .systems  in  which  the 
oxidizer  vaporizes  much  faster  than  the  fuel. 

=  (1)  Vapor  fraction  at  which  curve  fits  start  when  ISTART=0  is 

input. 
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OFEQ 


SEND 


=  (1.5)  Oxidant  to  fuel  gas  mixture  ratio  at  which  to  start  the 

vaporization  curve  fits  (final  equilibrium  O/F)  when 
ISTART=1  is  input.  (Set  to  zero  to  use  core  region  model.) 
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4.0  INPUT  AND  OUTPUT  FOR  A  SAMPLE  CASE 


The  first  sample  case  presented  here  is  for  a  N204/N2H4  bipropellant  engine  operating  at 
an  overall  mixture  ratio  of  1.16.  The  chamber  pressure  is  311  psia,  and  the  nozzle  throat 
diameter  is  4  inches.  This  combustor  has  been  shown  experimentally  to  have  a  low  vaporization 
efficiency. 

The  first  page  given  here  is  a  listing  of  the  program  case  inputs;  i.e.,  the  TDK  computer 
program^  $DATA  namelist,  and  the  $SCAP  namelist  input.  This  is  followed  by  the  printed  and 
plotted  output.  This  test  case  was  run  using  the  IBM  RS6000/320H  computer  system.  It  required 
420  seconds  to  execute,  including  the  generation  of  plot  files. 

The  second  sample  case  is  the  same  engine  as  described  above,  except  that  the  fuel. 
N2H4,  has  been  replaced  by  monomethal  hydrazine  (MMH).  The  mixture  ratio  has  been 
increased  to  1.6  (equal  tank  volume  for  ox  and  fuel)  with  the  total  propellant  weight  held 
con.stant.  The  effect  this  has  on  the  engine  operating  conditions  can  be  seen  by  comparing  the 
plotted  output  obtained  from  the  two  cases. 

The  third  sample  case  is  for  a  TRW,  Inc.  50K  test  engine  which  uses  a  pintle  type  injector 
(see  discussion.  Section  1.2.9).  The  propellants  are  LOX/RP-1.  The  2D  option  (see  Section  3.2) 
is  used  to  analyze  the  combustion  chamber  performance.  The  spray  has  been  approximated  using 
cold  flow  data,  and  is  assumed  to  consist  of  three  streams.  The  first  two  streams  contain  both 
oxidizer  and  fuel,  whereas  the  third  stream  contains  only  fuel.  Each  stream  has  a  different  initial 
direction,  and  and  a  different  drop  size  distribution.  Input  data,  printed  output,  and  plotted  output 
are  presented  for  this  case.  The  plotted  output  includes  calculated  trajectories  for  the  fuel  and 
oxidizer  drop  groups. 
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Case  1 


casel.dat 

TITLE  ICRPG  5th  Conf.,  NTO/N2H4  DBLT,  INGEBO,  JAN  69 
DATA 
$DATA 
SCAP=1, 

RSI=1.992, 

ECRAT=10.33, 

RI=.01, 

THETAI=32, 

RWT0=.5, 

ZT=6, 

NZ0NES=1, 

$END 

$SCAP 

FILENAME='N2H4 .DAT' 

DX  =  .001,  HMAX  =  .001,  HMIN  =  .0004, 

RATMN= . 2 , 

RATMX=8. , 

BRNMAX=1.0, 

OFSTOC=1.4, 

EMDOT(l)=12.99,  11.24, 

0=12.8, 

P=311. , 

VI{1)=648, 1609, 

TLL(1)=534.,534., 

D(l)=281. 94, 142.24, 

SIG(1)=2.3,2.3, 

ND=5, 5, 

ND1=5, 5, 

XI=6.0, 

DXI=2 .0, 

PLTPROP=T, 

IFPLOT=14*l, 

FAC1=.9, 

$END 
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Case  1 


easel .out 


THO  OIMSNSION&L  KIN8TIC  PROGRAM  (TDK),  LPP  VSRSION,  MAT  1992 
SOPTNARS  ADD  EHOmSSRIMO  ASSOCIATES,  INC. 

1000  R  VILLIAK  STREET,  SUITE  200,  CARSON  CITY  NEVADA  89701 

(702)  862  1906 

EMAIL}  UUNETISSASERVISTU 


SOFTWARE  AND  ENOINBBRINO  ASSOCIATES,  INC  (  8.B.A. ,  INC)  reaarv**  tha  right  to  aaka  ohangaa  in 
specif loationa  and  other  information  contained  in  this  computer  code  without  prior  notice. 


Although  due  care  has  been  ta]cen  to  present  acourate  Information,  S.B.A.Zno. 

DISCLAIMS  ai.T.  WARRANTIES  WITH  RESPECT  TO  THE  CONTENTS  OP  THIS  COMPUTER  CODE  (IKCLUDINO  WITHOUT  LIMITATION 
WARRANTIES  OP  MERCHANTABILITY  AND  PITOBSS  POR  A  PARTICULAR  PURPOSE)  EITHER  EXPRESSED  OR 

IMPLIED.  S.E.A.  Ino.  SHALL  NOT  BE  LIABLE  POR  DAMAGES  RESULTZNO  PROM  ANT  ERROR  CONTAINED  HEREIN,  INCLUDINQ. 
BUT  NOT  LIMITED  TO,  FOR  ANT  SPECIAL,  INCIDENTAL  OR  CONSEQUENTIAL  OAKAOES  ARISINO  OUT  OP,  OR  IN  CONNECTION 
WITH,  THE  USE  OF  THIS  DOCUMENT  OR  THE  LPP  COMPUTER  PROORAM 


This  software  product  and  its  documentation  set  are  copyrighted  and  all  rights  are  reserved  by  S.E.A. Inc. 
Usage  of  this  product  la  only  allowed  under  the  terms  set  forth  in  the  Software  License  Agreement. 

Any  reproduction  or  distribution  of  this  document,  in  whole  or  in  part,  without  the  prior  written 
consent  of  S.E.A. Inc.  is  prohibited. 


RESTRICTED  RIGHTS  NOTICE 

*  If  this  software  is  furnished  to  a  U.s.  Department  of  Defense  agency,  the  following  applies* 

RESTRICTED  RIGHTS  LEGEND 

“Use,  duplication,  or  disclosure  by  the  Government  is  subject  to  restrictions  as  set  forth  in  subdivision  (b) 

(3)  (ii)  of  the  Rights  in  Technical  Data  and  Computer  Software  clause  at  DOD  FAR  SUP  52.227-7013. 

S.E.A. Inc.,  1000  X.  William  Street,  Suite  200,  Carson  City,  Nevada  89701  USA.* 

*  If  this  software  is  furnished  to  the  National  Aeronautics  and  Space  Administration,  the  following  applies: 

RESTRICTED  RIGHTS  LEGEND 

This  coiqiuter  software  is  submitted  with  “restricted  rights*.  Use,  duplication  or  disclosure  is  subject  to 
the  restrictions  as  set  forth  in  NASA  far  sup  18-52.227-79  (April  1985)  “Commercial  computer  Software-Restricted 
Rights,  (M>rll  1985)." 

s.B.A.lnc.,  1000  E.  William  street.  Suite  200, 

Carson  City,  Nevada  89701. 

If  the  contract  contains  the  Clause  at  18-52.227-74  “Rights  in  Data  General*  then  the  “Alternate  XZI* 
clause  applies. 

COPTRIGHT-C  1984,1987,1988,1989,1990,1991  S.E.A. INC. 

ALL  RIGHTS  RESERVED 


THIS  VERSION  OF  LPP  IS  TEE  PROPRIETARY  PROPERTY  OF  SOFTWARE  AND  ENGINEERINO  ASSOCIATES,  INC. 
THIS  CODE  NAY  NOT  BE  DISTRIBUTED  OR  COPIED  WITHOUT  WRITTEN  PERMISSION  OF  SEA,  INC. 


TITLE  ICRPG  5th  Conf.,  NTO/N2E4  OBLT,  INOEBO,  JAN  49 
DATA 
$DATA 
SCAPsl, 

RSIsl.992, 

BCRATslO.33, 

Rla.Ol, 

THBTAIs32, 

RWTUs.5, 

ZTs4, 

NZONSSsl, 

$END 

8SCAP 

FILENAMES 'N2E4 . DAT ' 

DX  s  .001,  HMAX  s  .001,  EMIN  s  .0004, 

RATMNs.2, 

RATMXsd., 

BRNKAXsl.O, 

OFSTOC31.4, 

EMDOT(l)sl2.99,  11.24, 

Usl2.8, 

Ps311., 

VI(l)s«48,1409, 

TLL(l)sS34.,S34., 

D(1)8261. 94, 142.24, 

SIO(l)s2.3,2.3, 

NDsS,5, 

NDls5,5, 

XIsO.O, 

DXIsZ.O, 

PLTPROPsT, 

IFPLOTsl4*l, 

FACls.9, 

$END 

OTITLB  ICRPG  5th  Conf.,  NTO/N2H4  DBLT,  ZNOEBO,  JAN  49 
ODATA 

$DATA 

SCAPsl, 

RSIsl.992, 

ECRATslO.33, 
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RIs.Ol, 

THETA1532, 

RWTU=.5, 

ZT=6, 

N20NE3=1, 

$END 

$SCAP 

PILENAME= ^N2H4 . DAT* 

DX  s  .001,  EHAX  =  .001,  EMIN  =  .0004, 
RATMNs.2, 

RATHXsS., 

BRMMAX=1.0, 

OFSTOC=1.4, 

EMDOT(l)sl2.99,  11.24, 

U=12.8, 

P=311., 

VI(l)s648, 1«09, 

TLL(1)=534.,534., 

D(1)8281. 94, 142.24, 

SIO(l)=2.3,2.3, 

ND=5, 5, 

ND1=5, 5, 

XIc:6.0, 

DXI=2.0, 

PLTPROPsT, 

IPPLOTal4*l, 

PACls.9, 

$END 
$  INPUT 

PCRIT=1470,  2131, 


NAMESa' 

'NTO',  *N2H4*, 

NPRESa 

3, 

NSPa  9, 

SFNAMEa  *  E', 

'  H2',* 

H20*,  '  N2*,  *  HO', 

*  02*. 

'  H3N',  * 

NO ' , '  O' 

m(i)u 

1.00, 

,  2.00, 

18.00,  28.00,  17.00, 

32.00, 

,  17.00, 

30.00,  16.00, 

BPSId, 

l)=  37.000, 

,  59.700,  809.000,  71.400,  79.800, 

106.700, 

,  558.000,  116.700,  106.700, 

SIQHA(l,l)a  2.7100, 

,  2.8300,  2 

.6400,  3.8000,  3.1500, 

3,4700, 

,  2.9000,  3 

.4900,  3.0500, 

SIOOPs 

3.9690, 

1.0290,  WTMOLa  46.0000,  32.0000, 

PRSSa 

100.000, 

300.000,  1000.000,  BPSOP=  331.900,  502 

NRa  9, 

R{1)=> 

15.000, 

10.000,  5.000 

,  2.000,  1.000, 

O.SOO, 

0.200,  0.100 

,  0.066, 

YSP(1, 

l,l)a  0.0, 

0.0,  0.0 

,  0.0070,  0.0200, 

0.0010, 

VSP{1, 

2,1)8  0.0, 

0.0,  0.0 

,  0.0200,  0.1800, 

0.4080, 

0.5600,  0.6120 

,  0.6310, 

TfSPd, 

3,l)s  0.1130, 

0.1610,  0.2740 

,  0.4250,  0.3880, 

0.2190, 

0.0900,  0.0460 

,  0.0300, 

YSPd, 

4,1)8  0.3510, 

0.3600,  0.3750 

,  0.3910,  0,3920, 

0.3690, 

0.3480,  0.3400 

,  0.3390, 

YSPd, 

5,1)8  0.0, 

0.0,  0.0050 

,  0.0450,  0.0130, 

YSPd, 

6,1)8  0.5330, 

0.4790,  0.3380 

,  0.0790,  0.0020, 

YSPd, 

6,1)8  0.0, 

0.0,  0.0110 

,  0.0200, 

YSPd, 

9,1)=  0.0, 

0.0,  0.0 

,  0.0900, 

YSPd, 

1,2)8  0.0, 

0.0,  0.0, 

,  0.0040,  0.0150, 

YSPd, 

2,2)8  0.0, 

0.0,  0.0, 

,  0,0160,  0.1790, 

0.4100, 

0.5600,  0.6120 

,  0.6260, 

YSPd, 

3,2)8  0.1130, 

0.1610,  0.2740, 

,  0,4370,  0.3960, 

0.2190, 

0.0900,  0.0450 

,  0.0300, 

YSPd, 

4,2)=  0.3510, 

0.3600,  0.3720, 

,  0.3930,  0.3960, 

0.3960, 

0.3480,  0.3410, 

,  0.3370, 

YSPd, 

5,2)8  0.0, 

0.0,  0.0020, 

,  0.0410,  0.0110, 

YSPd, 

6,2)8  0.5330, 

0.4790,  0.3380, 

,  0,0780, 

YSPd, 

7,2)8  0.0, 

0.0,  0.0, 

,  0.0,  0.0, 

0.0, 

0.0,  0.0, 

,  0.0020, 

YSPd, 

8,2)=  0.0, 

0.0,  0.0100, 

,  0.0200, 

YSPd, 

9,2)=  0.0, 

0.0,  0.0, 

,  0.0070, 

YSPd, 

1,3)=  0.0, 

0.0,  0.0, 

,  0.0020,  0.0090, 

YSPd, 

2,3)=  0.0, 

0.0,  0.0, 

,  0.0120,  0.1800, 

0.4110, 

0.5590,  0.6090, 

,  0.6260, 

YSPd, 

3,3)8  0.1130, 

0.1600,  0.2780, 

r  0.4470,  0.4020, 

0.2200, 

0.0900,  0.0450, 

,  0.0300, 

YSPd, 

4,3)8  0.3510, 

0.3600,  0.3730, 

r  0.3940,  0.3980, 

0.3700, 

0.3470,  0.3400, 

,  0.3370, 

YSPd, 

5,3)=  0.0, 

0.0,  0.0, 

,  0.0370,  0.0070, 

YSPd, 

6,3)s  0.5360, 

0.4770,  0.3360, 

,  0.0760, 

YSPd, 

7,3)=  0.0, 

0.0,  0.0, 

,  0.0,  0.0, 

0.0, 

0.0,  0.0030, 

,  0.0050, 

YSPd, 

6,3)8  0.0, 

0.0,  0.0100, 

,  0.0230, 

YSPd, 

9,3)8  0.0, 

0.0,  0.0, 

,  0.0040, 

HMTABd 

,1)8  29.0100, 

28.3200,26.5800, 

.22.7400,18.7500, 

15.1300, 

12.5300, 11.6200, 

.  11.3200, 

WMTABd 

,2)8  29.0200, 

28.3200,26.5900, 

.22.9000,18.8600, 

15.1400, 

12.5300, 11.6300, 

.  11.3300, 

NKTABd 

,3)=  29.0100, 

26.3200,26.6000. 

.23.0500,18.9600, 

15.1400, 

12.5400, 11.6600, 

.  11.3800, 

TCld,l)B  1903.00, 

2533.00,3856.00. 

.5290.00,5278.00, 

4016.00, 

2693.00,2156.00, 

.  1964.00, 

TCld,2)s  1903.00, 

2533.00,3665.00, 

.5429.00,5398.00, 

4025.00, 

2695.00,2156.00, 

.  1969.00, 

TCld,3)=  1903.00, 

2532.00,3872.00, 

.5556.00,5504.00, 

4014.00, 

2696.00,2165.00. 

.  1964.00, 

POAMTd)a  1.310, 

1.287,  1.253, 

1.225,  1.232, 

1.268, 

1.318,  1.344, 

1.353, 

NTs  «, 

TTAB ( 1 ) 

8  540.00, 

1080.00,1960.00, 

3060.00,4660.00,7020.00, 

VSPd,l)B  0.4190, 

0.6580,  0.9760, 

1.2920,  1.7410,  2.2070, 

47 


Case  1 


easel .out 

VSP(1,2)=  0.5000,  0.7920,  1.1790,  1.5640,  2.1080,  2.6720, 

VSP(1,3)=  0.6140,  1.2030,  2.2020,  3.2520,  4.6930,  6.1210, 

VSP(l,4}s  0.9950,  1.5980,  2.3670,  3.1460,  4.2420,  5.3780, 

VSP(l,5)s  1.1020,  1.7810,  2.6400,  3.5110,  4.7370,  6.0040, 

VSP(l,6)s  1.1560,  1.9120,  2.8630,  3.7960,  5.1300,  6.5060, 

VSP(l,7)s  0.5830,  1.1730,  2.0620,  2.9320,  4.1090,  5.2830, 

VSP(l,8)s  1.0750,  1.7950,  2.6970,  3.5710,  4.8330,  6.1300, 

VSP(l,9)a  1.0560,  1.7470,  2.6160,  3.4680,  4.6870,  5.9440, 

CPTAB(l,l)s  2.500,  2.500,  2.500,  2.500,  2.500,  2.500, 

CPTAB{l,2)s  7.000,  7.050,  7.350,  7.990,  8.620,  9.110, 

CPTAB(l,3)s  8.080,  8.730,  10.220,  11.750,  13.200,  14.010, 

CPTAB(l,4)s  7.000,  7.240,  8.000,  8.510,  8.850,  8.990, 

CPTAB(l,5)s  7.000,  7.040,  7.460,  8.090,  8.730,  9.100, 

CPTAB(l,6)s  7.070,  7.700,  8.470,  8.890,  9.440,  9.920, 

CPTAB(l,7}s  8.550,  10.720,  14.000,  16.530,  18.430,  19.350, 

CPTAB(l,8)s  7.170,  7.500,  8.280,  8.690,  8.970,  9.120, 

CPTAB(l,9}s  5.260,  5.090,  5.020,  5.010,  5.020,  5.120, 

NTLs  10,  13,  HTFLMs  7,  6, 

TLI(l,l)s  400.00,  440.00,  480.00,  520.00,  560.00,  600.00, 

640.00,  680.00,  720.00,  760.00, 

TLI(l,2)s  400.00,  500.00,  550.00,  600.00,  650.00,  700.00, 

750.00,  600.00,  850.00,  900.00,  950.00,1000.00,1050.00, 
PV(l,l)s  0.270,  0.850,  3.940,  11.800,  30.000,  80.000, 

180.000,330.000, 660.000, 1200.00, 

FV(l,2}s  0.001,  0.080,  0.480,  1.900,  6.000,  15.500, 

37.000,  75.000,160.000,250.000,430.600,660.000,960.000, 
REOL(l,l}s  .058000, .055600, .054100, .052700, .050850, .048700, 

.046300, .043500, .039350, .032400, 

RSOL(l,2)s  .038000, .036600, .035700, .034800, .033800, .032800, 

.031700, .030500, .029200, .028100, .027000, .026000, .025000, 
CP(l,l)s  0.35000,0.35000,0.35300,0.37200,0.38800,0.41400, 

0.46400, 0.54300,0.70000, 0.87000, 

CP(l,2)s  .7014,  .7295,  .7435,  .7575,  .7716,  .7856, 

.7997,  .8137,  .8277,  .8418,  .8558,  .8698,  .8839, 

IiAH(1,1)3  435.000,430.000,422.000,412.000,403.000,392.000, 

379.000,365.000,346.000,315.000, 

LAM(l,2)a  606.52,  581.53,  569.95,  558.97,  548.60,  538.85, 

529.69,  521.14,  513.20,  505.86,  499.13,  493.02,  487.50, 
TFILM(l,l)a  400.00,  600.00,1000.00,1600.00,2400.00,3200.00,4000.00, 
TFILM(l,2)a  400.00,  800.00,1200.00,2000.00,2800.00,4000.00, 

WIS(l,l}a  0.62400,0.92000, 1.57000,2.34000,3.21000,3.91000,4.57000, 

WIS(1,2)=  .4252,  .8085,  1.1917,  1.9582,  2.7247,  3.8745, 

KVAP(l,l)s  0.094,  0.224,  0.485,  0.875,  1.390,  1.910,  2.440, 

KVAP(1,2)=  0.140,  0.300,  0.450,  0.950,  1.500,  2.400, 

CPVAP(l,l)a  0.231,  0.238,  0.253,  0.269,  0.286,  0.297,  0.306, 

CPVAP(l,2)a  0.320,  0.500,  0.610,  0.740,  0.820,  0.900, 

OSND 

STSAOT-STATE  SPRAT  COXBUSTION  KODBL 

0  NASS  PXiOW  RK  SIQ  KOLB  WT 

O  12.99  .5S5B-02  2.30  46.00 

P  11.24  .280B-02  2.30  32.00 

1  ICRPQ  Sth  Conf.,  NTO/N3H4  DBLT,  ZNOBBO,  JAH  69 


OXs-11.951  Ua  12.8  Ta5405.  TOa5405.  Pa  311.00  POa  311.00  0/Fa  .1160B<f01  NACHa  .000  AREAa  128.77  DADZs 

OVAPORIZEO  FRACTION  O  .004131  F  .004116  BOTH  .004124  COMB  .003796  SOUND  SPSZDa 

VAPORIZATION  RATB/IN  O  .015998  F  ,000530  BOTH  .008859  COXB  .014703 


0 

D(MICR) 

KAS8(LB]  V(IN/SBC) 

U-V/A 

TBMP 

NUKBBR 

<NI-N)  /HI 

(DM/DZ) /MI 

RAD  POSIT. 

OXIDIZER  DROPS 

1 

51.0333 

.21988B-09 

647. 

-.0128 

539.98 

.23584^10 

.1168-03 

-.1258+00 

.00 

2 

77.2705 

.76528E-09 

646. 

-.0128 

537.00 

.6768+09 

.5638-04 

-.5858-01 

.00 

3 

97.0019 

.15152B-08 

648. 

-.0128 

536.07 

.341B+09 

.3848-04 

-.3948-01 

.00 

4 

114.6994 

.25062B-0d 

648. 

-.0128 

535.57 

.206E+09 

.2918-04 

-.2968-01 

.00 

5 

131.5949 

.37859B-00 

648. 

-.0126 

535.26 

.1378+09 

.2318-04 

-.2358-01 

.00 

6 

182.2654 

.10064E>07 

648. 

-.0128 

534.74 

.2578+09 

.1368-04 

-.1378-01 

.00 

7 

281.9701 

.37274B-07 

648. 

-.0129 

534.37 

.6948+06 

.6778-05 

-.6808-02 

.00 

8 

436.2404 

.13805E-06 

648. 

-.0129 

534.18 

.1878+08 

.3408-05 

-.3408-02 

.00 

9 

819.9777 

.91689E-06 

648. 

-.0129 

534.07 

.2828+07 

.1248-05 

-.1278-02 

.00 

OFUEL  DROPS 

1 

25.7360 

.19523B-10 

1605. 

-.0322 

541.96 

.2298+11 

.3628-05 

-.4148-02 

.00 

2 

38.9754 

.67945E-10 

1607. 

-.0323 

538.01 

.6598+10 

.184E-05 

-.1938-02 

.00 

3 

48.9311 

.13453E-09 

1608. 

-.0323 

536.76 

.3338+10 

.1248-05 

-.1308-02 

.00 

4 

57.8603 

.22251B-09 

1608. 

-.0323 

536.11 

.2018+10 

.9368-06 

-.9788-03 

.00 

5 

66.3847 

.33612E>09 

1606. 

-.0323 

535.69 

.1338+10 

.7438-06 

-.7778-03 

.00 

6 

91.9492 

.89347E-09 

1609. 

-.0323 

535.00 

.2518+10 

.435E-06 

-.4558-03 

.00 

7 

142.2518 

.33092E-0a 

1609. 

-.0323 

534.50 

.6778+09 

.2018-06 

-.2258-03 

.00 

8 

220.0827 

.12256B-07 

1609. 

-.0323 

534.25 

.1838+09 

.1458-06 

-.1138-03 

.00 

9 

413.6806 

.81401B-07 

1609. 

-.0323 

534.09 

.275B+08 

.0008+00 

-.4218-04 

.00 

OOOB-fOO 

.494B4-05 


OXIDIZBR  FUBL  TOTAL  COMBUST. 
BURNINO  RATE  PARAKSTSR  .005853  .000168  .006020  .009112 

DRAQ  PARAKETBR  2.36  2.03  4.39 


SCRIPT  J  .41877B-06 

0INTB6RATIOH  STBPa  .0010 

1  ICRPO  5th  Conf.,  NTO/N2B4  DBLT,  INOHBO,  JAN  69 


OXa  -9.952  Ua  1033.6  Ta5312.  TOa5312.  Pa  311.04  POa  311.13  0/Fa  .9683B+00  MACHa  ,021  AREAa  128.77  DADXa  .OOOE+00 

OVAPORIZED  FRACTION  O  ,296512  F  .353920  BOTH  .323143  COMB  .272510  SOUND  SPEBDa  .502E+05 

VAPORIZATION  RATB/IN  0  .122228  F  .089880  BOTH  .107665  COMB  .112334 


0 

D(MICR) 

MASSCLB)  V(IN/SEC) 

U-V/A 

TEMP 

NUMBER 

(NI-N)  /MI 

(DM/DX) /MI 

RAD  POSIT. 

OXIDIZER  DROPS 
1 

.0000 

.000008+00 

0. 

.0000 

.00 

.0008+00 

.1008+01 

.0008+00 

.00 

2 

.0000 

.OOOOOB+00 

0. 

.0000 

.00 

.0008+00 

.1008+01 

.0008+00 

.00 

3 

42.6872 

.112418-09 

748. 

.0057 

655.30 

.3418+09 

.9268+00 

-.211B+00 

.00 

4 

72.9109 

.56027E-09 

661. 

.0070 

655.14 

.2068+09 

•7768+00 

-.3008+00 

.00 

5 

97.6494 

.134618-08 

659. 

.0075 

655.06 

.1378+09 

.6448+00 

-.3098+00 

.00 

6 

162.7574 

.623458-08 

645. 

.0077 

654.91 

.2578+09 

.3818+00 

-.2408+00 

.00 

7 

278.4055 

.31215B-07 

644. 

.0078 

654.68 

.6948+08 

•1638+00 

-.1368+00 

.00 

48 


Case  1 


easel. out 


6 

448.5818 

,13106E-06 

644. 

.0078 

652.29 

.1878*08 

.5078-01 

-.662E-01 

.00 

9 

639.4544 

.91237E-06 

645. 

.0077 

607.15 

.2838*07 

.493B-02 

-.669E-02 

.00 

OFUEL  DROPS 

1 

.0000 

.00000E*00 

0. 

.0000 

.00 

.0008*00 

.100E*01 

.0008*00 

.00 

2 

.0000 

.000008*00 

0. 

.0000 

.00 

.0008*00 

.1008*01 

.0008*00 

.00 

3 

.0000 

.00000B*00 

0. 

.0000 

.00 

.0008*00 

.1008*01 

.0008*00 

.00 

4 

13.7477 

.23631B-11 

975. 

.0012 

672.50 

.3018*10 

.9698*00 

-.1048*00 

.00 

5 

36 . 6203 

.43027E-10 

936. 

.0019 

872.94 

.1338*10 

.8668*00 

-.2448*00 

.00 

6 

76.4360 

.409378-09 

1157. 

-.0025 

673.19 

.2518*10 

.5428*00 

-.1958*00 

.00 

7 

141.6405 

.26161E-08 

1375. 

-.0066 

873.09 

.6778*09 

.2098*00 

-.1378*00 

.00 

6 

233.0443 

.11849E-07 

1462. 

-.0085 

846.11 

.1838*09 

.332X-01 

-.4858-01 

.00 

9 

424.6256 

.01341E-O7 

1520. 

-.0097 

677.50 

.2758*08 

.7431-03 

-.9098-03 

.00 

OXIDIZER 

FUEL 

TOTAL 

COMBUST. 

BURNING  RATE  PARAMETER 

.045318 

.028835 

.074154 

.069622 

DRAG  PARAMETER 

1. 

.36 

5.30 

6.56 

SCRIPT  J 

OINTEORATION  STEP* 
1 


.4159€E-0< 

ICRPO  5th  Conf.,  trro/N3B4  DBLT,  ZHQSfiO,  JAH  69 


0X=  -7.953  Us  1495.2 
OVAPORIZED  FRACTION 
VAPORIZATION  RATE/IN 


=5406.  TO=5406. 
O  .496160  P 

0  .076692  P 


Pa  310.92  PO=  311.09  0/Pa  .1217E«01  MACBa 
.473134  BOTH  .466555  COMB  .457841 

.050690  BOTH  .066081  COMB  .072505 


.030  ARSAa  126.77  DAUXa 
SOUND  SPEKDa 


0 

D(MICR) 

MASS (LB)  V(rN/SEC)  U-V/A 

TEMP 

NUMBER 

<MI-M}/MI 

(DM/DX)  /MI 

RAO  POSIT 

OXIDIZER  DROPS 

1 

.0000 

.000008*00  0. 

.0000 

.00 

.0008*00 

.1008*01 

.0008*00 

.00 

3 

.0000 

.00000B*00  0. 

.0000 

.00 

.0008*00 

.1008*01 

.0008*00 

.00 

3 

.0000 

.000008*00  0. 

.0000 

.00 

.0008*00 

.1008*01 

.0008*00 

.00 

4 

.0000 

.000008*00  0. 

.0000 

.00 

.0008*00 

.1008*01 

.0008*00 

.00 

5 

37.9557 

.789288-10  1155. 

.0069 

656.07 

.1378*09 

.9798*00 

-.4968-01 

.00 

6 

115.2832 

.221268-08  844. 

.0132 

655.75 

.2578*09 

.7808*00 

-.1398*00 

.00 

7 

242.4265 

.2O50OE-O7  725. 

.0157 

655.62 

.6948*08 

.4488*00 

-.1328*00 

.00 

8 

422.1899 

.108718-06  699. 

.0162 

655.55 

.1678*08 

.2138*00 

-.8288-01 

.00 

9 

845.1907 

.87649E-06  679. 

.0166 

652.36 

.3628*07 

.4418-01 

-.3178-01 

.00 

OFUEL  DROPS 

1 

.0000 

.000008*00  0. 

.0000 

.00 

.0008*00 

.1008*01 

.0008*00 

.00 

2 

.0000 

.000008*00  0. 

.0000 

.00 

.0008*00 

.1008*01 

.0008*00 

.00 

3 

.0000 

.000008*00  0. 

.0000 

.00 

.0008*00 

.1008*01 

.0008*00 

.00 

4 

.0000 

.000008*00  0. 

.0000 

.00 

.0008*00 

.1008*01 

.0008*00 

.00 

5 

.0000 

.000008*00  0. 

.0000 

.00 

.0008*00 

.1008*01 

.0008*00 

.00 

6 

53.3299 

.138878-09  1287, 

.0042 

674.82 

.2518*10 

.8458*00 

-.1288*00 

.00 

7 

130.2188 

.302178-08  1358. 

.0028 

674.76 

.6778*09 

.3898*00 

-.9168-01 

.00 

8 

227.5801 

.108138-07  1447, 

.0010 

672.19 

.1838*09 

.1188*00 

-.3388-01 

.00 

9 

431.3100 

.611228-07  1513, 

-.0004 

751.46 

.2758*08 

.3438-03 

-.1058-02 

.00 

OXIDIZER 

FUEL 

TOTAL 

COMBUST. 

BURNING  RATE  PARAMETER 

.026707 

.015960 

.044668 

.044938 

DRAG  PARAMETER 

.51 

4.37 

4.76 

SCRIPT  J 

.417528-06 

OINTEORATION  STEPa 
1 


ICRPO  5th  Conf.,  NTO/N3B4  DBLT,  INOEBO,  JAN  69 


0X=  -7.349  U=  1602.2 
OVAPORIZED  FRACTION 
VAPORIZATION  RATE/ IN 


=5407,  TOs5407. 
O  .542470  P 
0  .068269  F 


F=  310.87  PO=  311.06  0/P=  .12468*01  NACHs 

.503292  BOTH  .524396  COMB  .496557 

.048839  BOTH  .059501  COMB  .062743 


033  ARZA=  136.77  DADXs 
SOUND  SPEEDS 


0 

D{MICR) 

MASS(LB)  V{IN/SEC)  U-V/A 

TEMP 

NUMBER 

<NZ-N)/MI 

(l»f/DX)  /MI 

RAD  POSI'] 

OXIDIZER  DROPS 

1 

.0000 

.000008*00  0. 

.0000 

.00 

.0008*00 

.1008*01 

.0008*00 

.00 

2 

.0000 

.000008*00  0. 

.0000 

.00 

.0008*00 

.1008*01 

.0008*00 

.00 

3 

.0000 

.OOOOOE*00  0. 

.0000 

.00 

.0008*00 

.1008*01 

.0008*00 

.00 

4 

.0000 

.000008*00  0. 

.0000 

.00 

.0008*00 

.1008*01 

.0008*00 

.00 

5 

18.7980 

.95718E-11  1423. 

.0037 

657.17 

.137E*09 

.9978*00 

-.1488-01 

.00 

6 

100.7177 

.14754E-08  938. 

.0136 

655,79 

.2578*09 

.8538*00 

-.1058*00 

.00 

7 

330.7054 

.177368-07  767. 

,0171 

655.65 

.6948*06 

.5248*00 

-.1218*00 

.00 

8 

413.2253 

.101938-06  730. 

.0176 

655.58 

.1678*08 

.2638*00 

-.8008-01 

.00 

9 

840.1609 

.85609B-06  698. 

.0185 

654.51 

.2828*07 

.6418-01 

-.3448-01 

.00 

OFUEL  DROPS 

1 

.0000 

.00000E*00  0. 

.0000 

.00 

.0008*00 

.1008*01 

.0008*00 

.00 

2 

.0000 

.000008*00  0. 

.0000 

.00 

.0008*00 

.1008*01 

.0008*00 

.00 

3 

.0000 

.OOOOOE*00  0. 

.0000 

.00 

.0008*00 

.1008*01 

.0008*00 

.00 

4 

.0000 

.000008*00  0. 

.0000 

.00 

.0008*00 

.1008*01 

.0008*00 

.00 

5 

.0000 

.00000E*0O  0. 

.0000 

.00 

.0008*00 

.1008*01 

.0008*00 

.00 

6 

44.2894 

.795418-10  1398. 

.0043 

674.79 

.2518*10 

.9118*00 

-.9238-01 

.00 

7 

125.9049 

.182668-08  1374. 

.0047 

875.15 

.6778*09 

.4488*00 

-.1028*00 

.00 

8 

225.4697 

.105048-07  1450. 

.0031 

673.65 

.1638*09 

.1438*00 

-.4868-01 

.00 

9  432.2946 

BURNING  RATE  PARAMETER 
DRAG  PARAMETER 

SCRIPT  J 

.810548-07  1514. 

OXIDIZER 

.024776 

.44 

.41690E-06 

.0018 

FUEL 

.015337 

2.16 

762.48 

TOTAL 

.040113 

2.60 

.2758*06 

COMBUST. 

.038687 

.4278-03 

-.2108-02 

.00 

OINTEORATION  STBP=  .0467 
DATA  FOR  ODE/ODK  SAVED  ON  UNIT  15 


000B«-00 

.491B*05 


0008*00 

.490E*05 


49 


FRflCTI 


Case  1 


D(FRflCTI0N  VfiPQRIZED ]/DX 


O  =  OXIDIZER 
^ = FUEL 
X  =  TOTAL 


DISTANCE  IN  INCHES 


FRflCTIDN  VAPORIZED 


<I>  =  OXIDIZER 
^  n  FUEL 
X  =  TOTAL 


case2 .dat 


TITLE  CASE2,  NTO/MMH  DBLT,  INGEBO,  JAN  69 
DATA 
$DATA 
SCAP=1, 

RSI=1.992, 

ECRAT=10.33, 

RI=.01, 

THETAI=32, 

RWTU=.5, 

Z'M, 


m 

$SCAP 

FILENAME='MMH.DAT' 

DX  =  .001,  HMAX  =  .001,  HMIN  =  .0004, 
RATMN=.2, 

RATMX=8 . , 

BRNMAX=1.0, 

OFSTOC=1.4, 

EMDOT=14 .911,  9.319, 

U=12 .8, 

P=311.  , 

VI(1)=648,1609, 

TLL(1)=534.,534., 

D(l)=281. 94, 142.24, 

SIG(1)=2.3,2.3, 

ND=5, 5, 

ND1=5, 5, 

XI=6 .0, 

DXI=2.0, 

PLTPROP=T, 

IFPLOT=14*l, 

FAC1=.9, 

$END 


Case  2 


case2 .out 


TWO  DIMENSIONAL  KINETIC  PROGRAM  (TDK),  LPP  VERSION,  MAT  1992 

SOFTWARE  AND  ENOINESRINO  ASSOCIATES,  INC. 

1000  E  WILLIAM  STREET,  SUITE  200,  CARSON  CITY  NEVADA  89701 
(702)  862  196$ 

EMAIL:  UUNETISEASERVISTU 


1 

SOFTWARE  AND  ENOINEERINO  ASSOCIATES,  INC  (  S.S.A. ,  INC)  rasarves  the  right  to  Ba]ca  ohangas  in 
apoci float ions  and  othar  information  contained  in  this  oooqputar  ooda  without  prior  notice. 


Although  due  caxa  has  bean  teOcen  to  present  accurate  information,  S.S.A.Inc. 

DISCLAIMS  ALL  WARRANTIES  WITH  RESPECT  TO  THE  CONTENTS  OP  THIS  COMPUTER  CODE  (INCLUDINa  WITHOUT  LIMITATION 
WARRANTIES  OF  MERCHANTABILITY  AMD  FITNESS  FOR  A  PARTICULAR  PURPOSE)  EITHER  EXPRESSED  OR 

IMPLIED.  S.B.A.  Inc.  SHALL  NOT  BE  LIABLE  FOR  DAMAGES  RESULTING  FROM  ANY  ERROR  CONTAINED  HEREIN,  INCLUDING, 
BUT  NOT  LIMITED  TO,  FOR  ANT  SPECIAL,  INCIDENTAL  OR  CONSEQUENTIAL  DAMAGES  ARISING  OUT  OF,  OR  IN  CONNECTION 
WITH,  THE  USE  OF  THIS  DOCUMENT  OR  THE  LPP  COMPUTER  PROGRAM 


This  software  product  and  its  documentation  sat  are  copyrighted  and  all  rights  are  reserved  by  S.E.A.Inc. 
Usage  of  this  product  is  only  allowed  under  the  terms  set  forth  in  the  Software  License  Agreement. 

Any  reproduction  or  distribution  of  this  document,  in  whole  or  in  part,  wltl^ut  the  prior  written 
consent  of  S.E.A.Inc.  is  prohibited. 


RESTRICTED  RIGHTS  NOTICE 

*  If  this  software  is  furnished  to  a  U.S.  Department  of  Defense  agency,  the  following  applies: 

RESTRICTED  RIGHTS  LEGEND 

"Use,  duplication,  or  disclosure  by  the  Government  is  subject  to  restrictions  as  set  forth  in  subdivision  (b) 
(3)  (ii)  of  the  Rights  in  Technical  Data  and  Computer  Software  clause  at  DOD  FAR  SUP  52.227-7013. 

S.E.A.Inc.,  1000  E.  William  Street,  Suite  200,  Carson  City,  Nevada  89701  USA." 


•  If  this  software  is  furnished  to  the  National  Aeronautics  and  Space  Administration,  the  following  applies: 
RESTRICTED  RIGHTS  LEGEND 

This  computer  software  is  s\jLbmitted  with  "restricted  rights",  use,  dt^llcatlon  or  disclosure  is  subject  to 
the  restrictions  as  set  forth  in  NASA  FAR  SUP  18-52. 227>79  (April  1985)  "Commercial  Computer  Software-Restricted 
Rights,  (April  1965)." 

S.E.A.Inc.,  1000  B.  William  Street,  Suite  200, 

Carson  City,  Nevada  89701. 

If  the  contract  contains  the  clausa  at  18-52.227-74  "Rights  in  Data  General"  then  the  "Alternate  III" 
clause  applies. 

COPYRIGBT-C  1964,1987,1988,1989,1990,1991  S.E.A.INC. 

ALL  RIGHTS  RESERVED 


THIS  VERSION  OF  LPP  IS  TEE  PROPRIETARY  PROPERTY  OF  SOFTWARE  AND  SN3IMBERINO  ASSOCIATES,  INC. 
THIS  CODE  HAY  NOT  BE  DISTRIBUTED  OR  COPIED  WITHOUT  WRITTEN  PERMISSION  OF  SEA, INC. 


1 

TITLE  CASE2,  NTO/MKE  DBLT,  INGEBO,  JAN  69 
DATA 
$DATA 
SCAP=1, 

RSI=1.992, 

SCRAT=10.33, 

RIs.Ol, 

TEETAI332, 

RWTU=,5, 

ZTsS, 

NZONESal, 

Send 

$SCAP 

FILENAMES 'MMH . DAT ' 

DX  =  .001,  EMAX  s  .001,  EMIN  s  .0004, 
RATMN=.2, 

RATHXse., 

BRNHAXsl.O, 

OFSTOCs  2.500, 

EMDOTal4.911,  9.319, 

u=i2.a, 

Ps311., 

VI(l)s648,1609, 

TLL(l)s534.,S34., 

D(l)s281. 94, 142.24, 

SIO(l)s2.3,2.3, 

NDs5,5, 

ND1=5,5, 

XIs6.0, 

DXIs2.0, 

PLTPROPsT, 

IPPLOT=14*l, 

FAC18.9, 

SEND 

OTITLE  CASE2,  NTO/MHH  DBLT,  INGEBO,  JAN  69 
ODATA 

SDATA 

SCAPsl, 

RSIsl.992, 

ECRAT810.33, 
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Case  2 


case2 . out 

RIs.Ol, 

THETAIs32, 

RHTUa.5, 

ZT=5, 

NZOKESal, 

$EKD 

$SCAP 

FILEKAMZa 'MMH . DAT ' 

DZ  n  .001,  EKAZ  «  .001,  EKXK  m  .0004, 
RATMK>.2, 

RATKXae., 

BRNMMCil.O, 

OFSTOC-1.4, 

EHDOTsl4.911,  9.319, 

Usl2.8, 

Pe311., 

VI(1)b<48, 1609, 

TLL(l)-534.,534., 

D(l)«281. 94, 142.24, 

SIO{l)-2.3,2.3, 
tn)aS,  5, 

ND1»5,5, 

ZIa6.0, 

DXIb2.0, 

PLTPROPaT, 

IPPLOTel4*l, 

FACla.9, 

OEND 

$INPUT 

PCRlTal470,  1195, 

HAXESb'K204*,  'KKB', 

NPRSSa  3, 

N8Pal2, 


SPKA>at 

«  * 

H',  * 

H2 

H20',' 

K2', 

'  CO','  C02', 

• 

HO',  ' 

02 

• ,  • 

»0',  ' 

O', 

'  CB4','  B3H' 

mc(i)B 

1.00, 

2.00, 

16.00, 

28.00, 

28.00, 

44.00,  17.00,  32.00,  30.00,  16.00,  16.00,  17.00 

BPSKl 

.1)* 

37.000, 

59.700, 

609.000, 

71.400, 

91.700, 

195.000,  79.800,106.700,116.700,106.700,148.600,558.000 

8I0KA(1,1)b 

2.7100, 

2.8300, 

2.6400, 

3.8000, 

3.6900, 

3.9400,  3.1500,  3.4700,  3.4900,  3.0500,  3.7600,  2.9000 

SIOOFa 

3.9690,  4. 

.2460, 

WTKOL 

-  46.0000,  42. 

0000, 

PRSSa 

SO. 

000, 

500.000 

,  3000 

.000, 

BPSOF-  331.900,  467.400, 

mu  6, 
R(l)- 

0.500, 

1.000, 

1.500, 

2.000, 

2.300, 

2.800, 

YSP(1, 

!,!)• 

0.0, 

0.0040, 

0.0270, 

0.0320, 

0.0270, 

0.0180, 

YSP(l, 

3,1)- 

0.5630, 

0.3740, 

0.1960, 

0.0950, 

0.0640, 

0.0370, 

TSPd, 

3,l)« 

0.0040, 

0.1680, 

0.2940, 

0.3400, 

0.3430, 

0.3350, 

T8P(1, 

4,1)« 

0.2400, 

0.2720, 

0.2970, 

0.3100, 

0.3140, 

0.3190, 

T8P(1, 

S,l)« 

0.1870, 

0.1680, 

0.1400, 

0.1050, 

0.0860, 

0.0610, 

YSP(1, 

6,1)> 

0.0010, 

0.0130, 

0.0300, 

0.0520, 

0.0630, 

0.0760, 

T8P(1, 

7,1)« 

0.0, 

0.0, 

0.0130, 

0.0400, 

0.0500, 

0.0570, 

YSPd, 

8,l)e 

0.0, 

0.0, 

0.0010, 

0.0120, 

0.0280, 

0.0630, 

i8Pd# 

YSPd, 

9,1)- 

10,1)« 

0.0160, 

0.0, 

0.0, 

0.0010, 

0.0060, 

0.0130, 

0.0170, 

TSPd, 

YSPd, 

11,1J« 

1,3)« 

0.0050, 

0.0, 

0.0010, 

0.0130, 

0.0180, 

0.0150, 

0.0100, 

YSPd, 

2,3)a 

0.5370, 

0.3750, 

0.2000, 

0.0880, 

0.0550, 

0.0280, 

YSPd, 

3,3}- 

0.0180, 

0 . 1690, 

0.3060, 

0.3670, 

0.3720, 

0.3600, 

YSPd, 

4,2)« 

0.2470, 

0.2730, 

0.3010, 

0.3160, 

,  0.3200, 

0.3240, 

YSPd, 

5,2)» 

0.1760, 

0.1660, 

0.1420, 

0.1040, 

,  0.0810, 

0.0520, 

YSPd, 

6,21- 

0.0030. 

0.0130, 

0.0300, 

0.0560, 

,  0,0710, 

0.0070, 

YSPd, 

7,2)« 

0.0, 

0,0, 

0.0070, 

0.0320, 

,  0.0440, 

0.0510, 

YSPd, 

8,3). 

0.0, 

0.0, 

0.0, 

0.0070, 

,  0.0200, 

.  0.0550, 

YSPd, 

9,3). 

0.0, 

0.0, 

0.0010, 

0.0080, 

,  0.0140, 

0.0220, 

YSPd, 

10,2). 

0.0, 

0.0, 

0.0, 

0.0040, 

,  0.0070, 

0.0110, 

YSPd, 

YSPd, 

YSPd, 

11,2)« 

12,2). 

1,3)- 

0.0200, 

0.0010, 

0.0, 

0.0010, 

0.0070, 

0.0110, 

,  0.0090. 

,  0.0050, 

YSPd, 

2,3)- 

0.4950, 

0.3760, 

0.2010, 

0.0820, 

,  0.0460, 

,  0.0210, 

YSPd, 

3.3). 

0.0360, 

0.1690, 

0.3120, 

0.3680, 

,  0.3950, 

,  0.3800, 

YSPd, 

4,3)- 

0.2560, 

0.2730, 

0.3030, 

0.3210, 

,  0.3260, 

,  0.3280, 

YSPd, 

5,3)- 

0.1600, 

0.1680, 

0.1430, 

0.1020, 

,  0,0750, 

,  0.0430, 

YSPd, 

6,3)> 

0.0040, 

0.0130, 

0.0300, 

0.0610, 

,  0.0800, 

>  0.0100, 

YSPd, 

7,3). 

0.0, 

0.0, 

0.0040, 

0.0240, 

,  0.0360, 

,  0.0440, 

YSP{1, 

8,3}- 

0.0, 

0.0, 

0.0, 

0.0040, 

,  0.0140, 

,  0.0490, 

YSPd, 

YSPd, 

9,3). 

10,3). 

0.0250, 

0.0, 

0.0, 

0.0, 

0.0020 

,  0.0040, 

,  0,0070, 

TSP(l,12,3)a  0.0020, 

1fHTAB(l,l)»  13.2800,  16.7200,  19.5800,21.6600,22.6100,23.8800, 
irHTAB(l,2)«  13.6900,16.7400,  19.8100,22.1100,23.1200,24.4000, 
mCTAB(l,3)«  14.3000, 16.7500, 19.9200,22.4300,23.5200,24.8000, 
TCI (!,!)■  2386.00,4224.00,5215.00,5513.00,5529.00,5463.00, 
TCl(l,2)a  2569.00,4255.00,5456.00,5940.00,5983.00,  5893.00, 
TCl{l,3)a  2819.00,4265.00,5572.00,6239.00,6325.00,6435.00, 
FOAHT(l)a  1.286,  1.264,  1.232,  1.223,  1.258,  1.320, 
NTa  6, 


TTABd)- 

540.00, 

1080.00, 

1960.00, 

3060.00, 

4860.00, 

7020.00, 

V8Pd,l)- 

0.4190, 

0.6580, 

0.9760, 

1.2920, 

1.7140, 

2.2070, 

V8Pd,2)- 

0.5000, 

0.7950, 

1.1790, 

1.5640, 

2.1080, 

2.6720, 

V5Pd,3)- 

0.6140, 

1.2030, 

2.2020, 

3.2520, 

4.6930, 

6.1210, 

VSPd,4)- 

0.9950, 

1.5980, 

2.3670, 

3.1460, 

4.2420, 

5.3780, 

VSPd,5)- 

0.9940, 

1.6230, 

2.4160, 

3.2090, 

4.3320, 

5.4930, 

VSPd,  6}- 

0.6510, 

1.5200, 

2.3500, 

3.1490, 

4.2450, 

5.4020, 

VSPd,7)- 

1.1020, 

1.7810, 

2.6400, 

3.5110, 

4.7370, 

6.0040, 

VSPd,6)- 

1.1560, 

1.9120, 

2.8630, 

3.7960, 

5.1300, 

6.5060, 

VSPd,  9)- 

1.0750, 

1.7950, 

2.6970, 

3.5710, 

4.8330, 

6.1300, 

VSPd,  10)- 

1.0560, 

1.7470, 

2.6160, 

3.4680, 

4.6670, 

5.9440, 

VSPd,  11)- 

0.6280, 

1.0780, 

1.6370, 

2.1770, 

2.9420, 

3.7350, 

VSPd,12)- 

0.5830, 

1.1730, 

2.0620, 

2.9320, 

4.1090, 

5.2830, 

CPTABd,  1)- 

2.500, 

2.500, 

2.500, 

2.500, 

2.500, 

2.500, 

CPTABd,2). 

7.000, 

7.050, 

7.350, 

7.990, 

8.620, 

9.110, 

CPTABd,3)- 

8.080, 

8.730, 

10.220, 

11.750, 

13.200, 

14.010, 

CPTABd,4)- 

7.000, 

7.240, 

6.000, 

8.510, 

8.850, 

8.990, 
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case2 .out 

CPTAB(1,5)=:  7.000,  7.300,  8.100,  S.efOO,  8.910,  9.050, 

CPTAB(l,6)a  8.940,  11.350,  13.290,  14.340,  14.830,  15.130, 

CPTAB(l,7)s  7.000,  7.040,  7.460,  8,090,  8.730,  9.100, 

CPTAB(1,8)=  7.070,  7.700,  8.470,  8.890,  9.440,  9.920, 

CPTAB(l,9)s  7.170,  7.500,  8.280,  8,690,  8.970,  9.120, 

CPTAB(l,10}s  5.260,  5.090,  5.020,  5.010,  5.020,  5.120, 

CPTAB(1,11)=  8.570,  12.560,  18.150,  21.700,  24.000,  25.000, 

CPTAB(1,12)=  8.550,  10.720,  14.000,  16.530,  18.430,  19.350, 

NTL=  10,  12,  NTPLM=  7,  6, 

TLI(l,l)s  400.00,  440.00,  480.00,  520.00,  560.00,  600.00,  640.00,  680.00,  720.00,  760.00, 

TLI(l,2)s  500.00,  550.00,  600.00,  650.00,  700.00,  750.00,  800.00,  850.00,  900.00,  950.00,1000.00,1050.00, 

PV(l,l)s  0.270,  0.850,  3.940,  11.800,  30.000,  80.000,160.000,330.000,660.000,1200.00, 

PV(1,2)=  0.280,  1.420,  4.930,  13.300,  29.700,  57.900,101.500,164.000,248.000,357.000,491.000,651.000, 

RHOLd,  l)s  .058000,  .055600,  .054100,  .052700,  .050850,  .048700,  .046300,  .043500,  .039350,  .032400, 

RH0L(1,2)5!  .032100, .031100, .030300, .029200, .028200, .027400, .026400, .024900, .023500, .021700, .019500, .016200, 

CP(l,l}s  0.35000,0.35000,0.35300,0.37200,0.38800,0.41400,0.46400,0.54300,0.70000,0.87000, 

CP(l,2)s  0.69500,0.70100,0.70700,0.71300,0.72100,0.73100,0.74000,0.75000,0.76100,0.77500,0.79000,0.80500, 

LAM(l,l)s  435.000,430.000,422.000,412.000,403.000,392.000,379.000,365.000,346.000,315.000, 

LAM(1,2)£  402.000,366.000,343.000,324.000,309.000,296.000,286.000,275.000,260.000,235.000,210.000,170.000, 

TFILM(1,1)=  400.00,  600.00,1000.00,1600.00,2400.00,3200.00,4000.00, 

TFIIjH{1,2)s  400.00,  800.00,1200.00,2000.00,2800.00,4000.00, 

WIS(l,l)s  0.62400,0.92000,1.57000,2.34000,3.21000,3.91000,4.57000, 

WIS(l,2)s  0.33400,0.58400,0.84400,1.33000,1.75000,2.25000, 


KVAP(l,l)a 

0.094, 

0.224, 

0.485, 

0,875, 

1.390, 

1.910, 

2.440. 

KVAP(l,2)a 

0.100, 

0.310, 

0.584, 

1.180, 

1.620, 

2.050, 

CPVAPd,  l)a 

0.231, 

0.236, 

0.253, 

0.269, 

0.286, 

0.297, 

0.300. 

CPVAPd,2)a 

0.450, 

0.560, 

0.655, 

0.798, 

0.853, 

0.876, 

$END 

STEADY-STATS  SPRAY  COHSUSTION  MODEL 

0  MASS  FLOW  RM  SIQ  MOLE  MT 

0  14.91  .555E-02  2.30  46.00 

F  9.32  .280S-02  2.30  42.00 

1  CASB2,  NTO/MMB  OBLT,  INOBBO,  JAM  69 


OXs-11.951  Ua  12.8  Ta5440.  TOa5440.  Pa  311.00  POa  311.00  O/Fs  .1605B+01  MACHa  .000  ARSAa  128.77  DADX=  .OOOE+00 

OVAPORIZED  PRACTIOM  O  .004246  P  .004233  BOTH  .004241  COMB  .003908  SOUND  SPEEDa  .487E+05 

VAPORIZATION  RATE/IN  O  .015954  P  .002245  BOTH  .010727  COMB  .002072 


0 

D<MICR) 

MASS  (LB)  V(IN/3E0)  n-V/A 

TEMP 

NUMBER 

(MI-M) /MI 

(DM/DX)  /MI 

RAD  POSIT 

OXIDIZER  DROPS 

1 

51.0309 

.2198aB-09 

647. 

-.0130 

539.82 

.270B+10 

.1168-03 

-.1248+00 

.00 

2 

77.2687 

.76S28E-09 

648. 

-.0130 

536.93 

.776B+09 

.5628-04 

..583B-01 

.00 

3 

97.0004 

.15152B-08 

648. 

-.0130 

536.01 

.392B+09 

.3838-04 

-.3938-01 

.00 

4 

114.6981 

.25062B-08 

648. 

-.0130 

535.53 

.237B+09 

.2908-04 

-.296E-01 

.00 

5 

131.5936 

.37859B-0a 

648. 

-.0130 

535.23 

.157B409 

.2318-04 

-.235B-01 

.00 

6 

182.2643 

.10064B-07 

648. 

-.0130 

534.72 

.29SE«09 

.1368-04 

-.1378-01 

.00 

7 

281.9694 

.37374E-07 

648. 

-.0130 

534.36 

.797B+08 

.6778-05 

-.6798-02 

.00 

8 

436.2399 

.1380SE-06 

648. 

-.0130 

534.18 

.215E408 

.3408-05 

-.3408-02 

.00 

9 

819.9772 

.91689E-06 

648. 

-.0130 

534.07 

.324E+07 

.1248-05 

-.126S-02 

.00 

OFUBL  DROPS 

1 

25.7531 

.17045B-10 

1604. 

-.0326 

543.37 

.21884^11 

.1628-04 

-.1778-01 

.00 

2 

38.9863 

.59320E-10 

1607. 

-.0327 

536.72 

.626B+10 

.7848-05 

-.819B-02 

.00 

3 

48.9423 

.11745E-09 

1608. 

-.0327 

537.26 

.316E+10 

.5328-05 

-.5508-02 

.00 

4 

57,8704 

.19426B-09 

1608. 

-.0327 

536.46 

.191B+10 

.4008-05 

-.4138-02 

.00 

5 

66.3939 

.2934SE-09 

1608. 

-.0327 

535,99 

.12684^10 

.3228-05 

-.3268-02 

.00 

6 

91.9568 

.78006B-09 

1609. 

-.0327 

535.18 

.236B+10 

.1928-05 

-.1928-02 

.00 

7 

142.2577 

.2ee91E-08 

1609. 

-.0327 

534.59 

.64284^09 

.9228-06 

-.9488-03 

.00 

8 

220.0872 

.10701E-07 

1609. 

-.0327 

534.30 

.173B409 

.4988-06 

-.4758-03 

.00 

9 

413.6836 

.71069E-07 

1609. 

-.0327 

534.11 

.261B-f06 

.2008-06 

-.178E-03 

.00 

OXIDIZER 

FUEL 

TOTAL 

COMBUST. 

BURNING  RATE  PARAMETER 

.006611 

.000581 

.007192 

.001284 

DRAG  PARAMETER 

2. 

.65 

1.89 

4.54 

SCRIPT  J  .41125B-06 

OINTEORATION  STBPa  .0010 

1  CASB2,  NTO/NMH  DBLT,  INGSBO,  JAN  69 


OXa  -9.952  Ua  858.3  Ta3981.  TOa3981.  Pa  311.07  POa  311.14  O/Pa  .9355B«00  MACHa  .018  AREAa  128.77  DADXa  .OOOE-t-OO 

OVAPORIZED  FRACTION  O  .244041  P  .421929  BOTH  .312458  COMB  .257454  SOUND  SPEEDa  .472B-t-05 

VAPORIZATION  RATE/IN  O  .095830  F  .103938  BOTH  ,099369  COMB  , 101097 


0 

D(MICR) 

MASS (LB)  V( IN/SBC)  U-V/A 

TEMP 

NUMBER 

(Ml -M)/NI 

(DM/DX) /HI 

RAD  POSIT. 

OXIDIZER  DROPS 

1 

.0000 

.OOOOOB+00 

0. 

.0000 

.00 

.0008+00 

. 1008+01 

.0008+00 

.00 

2 

20.4689 

.125658-10 

729. 

.0027 

646.35 

.7768*09 

.9848+00 

-.1078+00 

.00 

3 

59.5828 

.310068-09 

627. 

.0049 

646.05 

.3928+09 

.7958+00 

-.3818+00 

.00 

4 

86.0369 

.933708-09 

617. 

.0051 

645.95 

.237B+09 

.4278+00 

-.2848+00 

.00 

5 

108.6266 

.18794E-06 

618. 

.0051 

645.88 

.1578+09 

.5048*00 

-.2558+00 

.00 

6 

170,2275 

.723468-08 

628. 

.0049 

645.70 

.2958+09 

.3818*00 

-.1708+00 

.00 

7 

282.8682 

.33210E-07 

637. 

.0047 

645.41 

.7978+08 

. 1098+00 

-.8918-01 

.00 

8 

448.0984 

.134108-06 

640. 

.0046 

634.24 

.2158+08 

.3848-01 

-.3318-01 

.00 

9 

832.9667 

.913858-06 

643. 

.0046 

585.35 

.3248+07 

.9338-02 

-.3368-02 

.00 

OFUBL  DROPS 

1 

.0000 

.000008+00 

0. 

.0000 

.00 

.0008+00 

. 1008*01 

.0008+00 

.00 

2 

.0000 

.000008+00 

0. 

.0000 

.00 

.0008+00 

.1008+01 

.0008+00 

.00 

3 

.0000 

.OOOOOE+00 

0. 

.0000 

.00 

.0008+00 

.1008+01 

.0008+00 

.00 

4 

.0000 

.000008+00 

0. 

.0000 

.00 

.0008+00 

. 1008*01 

.0008+00 

.00 

5 

.0000 

.000008+00 

0. 

.0000 

.00 

.0008+00 

. 1008*01 

.0008+00 

.00 

6 

63.9665 

.20541E-09 

1054. 

-.0041 

862.07 

.236E+I0 

.7378+00 

-.248B+00 

.00 

7 

136.9595 

.201638-08 

1310. 

-.0096 

862.03 

.6428+09 

.3028*00 

-.2038+00 

.00 

8 

230.8168 

.lOlOOE-07 

1399. 

-.0115 

823.12 

.1738+09 

.5418-01 

-.6828-01 

.00 

9 

425.3890 

.708918-07 

1477. 

-.0131 

668.86 

.2618+08 

.3508-03 

-.2818-02 

.00 

OXIDIZER 

FUEL 

TOTAL 

COMBUST. 

BURNING  RATE  PARAMETER 

.037441 

.025379 

.062820 

.062658 

DRAG  PARAMETER 

2 

.13 

1.70 

3.83 

SCRIPT  J 

.30134E- 

-06 

OINTEORATION  STBPa  .0010 
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case2 . out 


Case  2 


NTO/MMH  DBLT,  IMOBBO,  JXK  69 


0X=  -7.952  U=  1419.0 
OVAPORIZED  FRACTION 
VAPORIZATION  RATE/IN 


T=4831.  TO=4832. 
O  .435276  P 

O  .085808  F 


F=  310.91  POs  311.08  0/Fs  .12652^01  KACHs 
.550596  BOTH  .479629  COMB  .459200 

.040534  BOTE  .068686  COMB  .090524 


.029  AREAS  128.77  DADXs 
SOUND  SPEEDS 


0 

D(MICR) 

KAS9(LB)  V(IN/SEC) 

O-V/A 

TEMP 

NUMBER 

(MI-K)  /MI 

{DM/DX)/MI 

RAD  POSI'] 

OXIDIZER  DROPS 

1 

.0000 

.OOOOOEiOO 

0. 

.0000 

.00 

.OO0E4OO 

.100E401 

.OOOB4O0 

.00 

2 

.  0000 

.OOOOOE^OO 

0. 

.0000 

.00 

.OOOE^OO 

.100E401 

.000B400 

.00 

3 

.  0000 

.OOOOOE+00 

0. 

.0000 

o 

o 

.OOOB400 

.100S4-01 

.OOOS-fOO 

.00 

4 

31.2232 

.44224E-10 

1116. 

.0063 

651.85 

.237E409 

.982E+00 

-.524E-01 

.00 

5 

60.3349 

.31921B-09 

937. 

.0099 

651.64 

.157S*09 

.916B4-00 

-.112B400 

.00 

6 

132.7128 

.33981E-08 

762. 

.0136 

651.44 

.295B409 

.662B400 

-.171E400 

.00 

7 

255.7076 

.24315E-07 

698. 

.0149 

651.22 

.797E+08 

.34aB400 

-.131B400 

.00 

8 

431.9399 

.11727E-06 

682. 

.0152 

650.63 

.215B408 

.151B400 

-.763B-01 

.00 

9 

844.3793 

.89471B-06 

668. 

.0155 

636.46 

.324S407 

.242B-01 

-.200B-01 

.00 

OFUEL  DROPS 

1 

.0000 

.OOOOOE^OO 

0. 

.0000 

.00 

.OOOE+OO 

.100B4-01 

.OOOZ-fOO 

.00 

2 

.0000 

.OOOOOE-fOO 

0. 

.0000 

.00 

.000B400 

.100B401 

.O00Z4OO 

.00 

3 

.0000 

.OOOOOB400 

0. 

.0000 

.00 

.000B400 

.100B401 

.000E400 

.00 

4 

.0000 

.OOOOOE-fOO 

0. 

.0000 

.00 

.0OOE4OO 

.100B401 

.000E400 

.00 

5 

.0000 

.OOOOOE+00 

0. 

.0000 

.00 

.O0OB400 

.100B401 

.000E400 

.00 

6 

16.6210 

.37019E-11 

1342. 

.0016 

869.90 

.238B410 

.995B400 

-.332B-01 

.00 

7 

117.8508 

.12726S-08 

1275. 

.0030 

870.26 

.642B409 

.560S-t-00 

-.122E400 

.00 

6 

223.8920 

.67886E-0a 

1375. 

.0009 

864.00 

.173B409 

.179S400 

-.450B-01 

.00 

9 

431.1303 

.70360E-07 

1463.  - 

.0009 

745.05 

.261B408 

.997B-02 

-.301Z-02 

.00 

BURNING  RATS  PARAMETER 
DRAG  PARAMETER 


OXIDIZER  PTTEL  TOTAL  COMBUST. 
.035011  .010336  .045347  .056105 

.71  2.69  3.60 


SCRIPT  J 

0 INTEGRATION  STEPs 
1 


.36866B-06 


CASE2,  KTO/KKB  DBLT,  ZNGEBO,  JAN  69 


OXs  -7.349  Us  1553.9 
OVAPORIZED  FRACTION 
VAPORIZATION  RATE/IN 


Ts5016.  TO=5016. 
O  .464368  F 

O  .076548  F 


Ps  310.66  POs  311.06  O/Fs  .1346B«01  MACHs 
.574956  BOTH  .519208  COMB  .510969 

.042676  BOTH  .063791  COMB  .080756 


032  AREAS  126.77  DADXs 
SOUND  SPEEDS 


0 

D(HICR) 

KA3S(LB)  V(IN/SEC)  U-V/A 

TEMP 

NUMBER 

(MI-M)/MI 

(DH/DX) /MI 

RAD  POSIT 

OXIDIZER  DROPS 

1 

.0000 

.OOOOOB400  0. 

.0000 

.00 

.O00E40O 

.100E401 

.000B400 

.00 

2 

.0000 

.OOOOOE400  0. 

.0000 

.00 

.000Z40O 

.100B401 

.000S400 

.00 

3 

.  0000 

.0OO00B40O  0. 

.0000 

.00 

.000E400 

.100Z401 

.000B400 

.00 

4 

.0000 

.00000B400  0. 

.0000 

.00 

.0OOS4OO 

.100B401 

.000E400 

.00 

5 

44.0640 

.12414B-09  1127. 

.0068 

652.6? 

.1S7S409 

.967E400 

-.605B-01 

.00 

6 

119.0551 

.24489B-08  838. 

.0147 

652.59 

.295B409 

.757B400 

-.141S400 

.00 

7 

245.2727 

.21419E-07  737. 

.0166 

652.41 

.797B408 

.425S400 

-.126B400 

.00 

8 

424.1742 

.11083E-06  710. 

.0173 

652.14 

.215B408 

.197B400 

-.779B-01 

.00 

9 

843.9910 

.8ai64E-06  686. 

.0178 

645.61 

.324B407 

.362E-01 

-.267Z-01 

,00 

OFUEL  DROPS 

1 

.0000 

.OOOOOB400  0. 

.0000 

.00 

.O00B4O0 

.100E401 

.O0OS40O 

.00 

2 

.0000 

.OOOO0B40O  0. 

.0000 

.00 

.O00E4O0 

.100B401 

.O00B40O 

.00 

3 

.0000 

.00000B4OO  0. 

.0000 

.00 

.000E400 

.100E401 

.000S400 

.00 

4 

.0000 

.00000B400  0. 

.0000 

.00 

.000S400 

.100E401 

.000B400 

.00 

5 

.0000 

.O0OOOB4OO  0. 

.0000 

.00 

.000E400 

.100B401 

.000E400 

.00 

6 

.0000 

.00000E400  0. 

.0000 

.00 

.000B400 

.100Z401 

.000B400 

.00 

7 

110.4312 

.10432E-08  1301. 

.0052 

873.44 

.642B409 

.639Z400 

-.137B400 

.00 

8 

220.9319 

,83992E-08  1379. 

.0036 

866.71 

.173B409 

.215S400 

-.728E-01 

.00 

9  431.9287 

BURNING  RATE  PARAMETER 

DRAG  PARAMETER 

SCRIPT  J 

.70233E-07  1463, 

OXIDIZER 

.031455 

.58 

.38205E-06 

,0019 

FUEL 

.010960 

1.07 

756.12 

TOTAL 

.042415 

1,65 

.261E40e 

COMBUST. 

.050051 

.118B-01 

-.448S-02 

.00 

OINTEGRATION  STEPs  .0464 
DATA  FOR  ODE/ODK  SAVED  ON  UNIT  15 


.  000Z4.00 
.485Z4-05 


O00B4-00 

.467B4.05 
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U  ( INCHES/SEC  ) 

400.00  800.00  1200.00  1600. 00 


Case  2 


Case  2 


O 


FUEL  DROP  DIRMETER  (MICR) 


DISTANCE  IN  INCHES 


OXIDIZER  DROP  DIAMETER  (MICR) 


DISTANCE  IN  INCHES 
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FRACTION  VAPORIZED  DIFRAC  VAP)/DX  (1/IN) 


Case  2 


D(FRACTI0N  VAPORIZED  ]/DX 


O  =  0XID 
=  FUEL 
X  =  T0Tfl2 


case3 .dat 


Case  3 


TITLE  CASE3  LOX/RPl  TRW  50K  ENGINE 

DATA 

C  LOX/RP-1  50K  PRIEM  DROPSIZES  D30  LOX=BIMODAL  DIST. 

C  PC  =  235.0  MR=2.65  WT=169.0  TEST  650  D30  RPl=TRIMODAL  DIST. 

C  CONSTANT  AREA  --  2D  DROP  TRAJECTORY  RUN 
$DATA 
SCAP=1, 

RSI=6 . 125, 

ECRAT=3.8384, 

RI=.01 
THETAI=45 . , 

RWTU=.5, 

ZT=3 .76, 

NZONES=l, 

$END 

$SCAP 

FILENAME='RP1.DAT'  , 

XI(1)=  35.7, 

DXI(1)=  2.0, 

INDX=0, 

IPART=2, 

TWOD=l, 

NSET=10, 10, 


DS ( 1 , 1 ) = 

54  . , 

96  .  , 

132  .  , 

174 

.  ,  226 

.,  300. 

,  416., 

714., 

48.,  148., 

DS ( 1 , 2  )  = 

170., 

320  ., 

494  .  , 

764 

. , 1436 

.,  146. 

,  294., 

498., 

996.,  214., 

P=  235.0, 

U=  0, 

EMDOT(l)= 

122. 

7, 

46.3, 

DIY=  3 

.16, 

VIY(1, 1)= 

1065  . 

,  1065 

.,  1065 

.  , 

1065., 

1065., 

1065., 

1065., 

1065.,  1042., 

1042  . 

VIY(1,2)= 

1065. 

,  1065 

.,  1065 

♦  1 

1065., 

1065., 

1042  . , 

1042. , 

1042.,  1042., 

1072  . 

VIXd,  1)  = 

153.4 

,  153. 

4,  153. 

4, 

153.4, 

153.4, 

153.4, 

153.4, 

153.4,  254.3, 

254.3 

VIX(1,2)= 

153.4 

,  153. 

4,  153. 

4, 

153.4, 

153.4, 

254.3, 

254.3, 

254.3,  254.3, 

1072  . 

TLL(1)=  180.,  530., 

RATMN=  .2, 

RATMX=  20 . , 

BRNMAX  =  .499, 

OFSTOC=  3.4, 

PLTPROP=F, 

IFPLOT=10*1, 5‘0, 1,  FAC1=.9, 
$END 
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Case  3 


case3  «out 


TlfO  OnOENSIOKU.  KIHBTZC  PROORAM  (TDK),  LPP  VSRSZOU,  KXT  1993 
SOPnORB  AND  ENGINXBRINO  A880CZATSS,  INC. 

1000  B  NILLIAM  8TRBBT,  8UITB  200,  CARBON  CITY  NEVADA  d9701 

<702)  882  1960 

EMAlLt  UDNBTI8BA8BRV18TU 


SOPTMARB  AND  ENGINBBRZNO  A8S0CIATBS,  INC  <  8.B.A. ,  INC)  raflarv««  tha  right  to  maJca  changas  in 
apaoifiaations  and  otbar  information  oontainad  in  thia  aoavnitar  aoda  without  prior  notlos. 


Although  dua  eara  haa  baan  takan  to  praaant  aaourata  information,  S.B.A.Ino. 

DISCLAIM8  ALL  NARRANTIBS  WITH  RBSPBC9  TO  TEB  CONTENTS  OP  THIS  COKPUTSR  CODB  (INCLUDINQ  WITHOUT  LIMITATION 
WARRANTIB8  OP  NBRCBANTABILITT  AND  PITOESS  POR  A  PARTICULAR  PORP08B)  BITBBR  BZPRXS8BD  OR 

□CPLIBD.  8.B.A.  Ino.  SHALL  NOT  BB  LIABLE  POR  DAMAQBS  RESULTINO  PROM  ANT  ERROR  CONTAINBD  HBRBIN,  INCLUDINO, 
BUT  NOT  LIMITED  TO,  POR  ANT  SPECIAL,  INCIDENTAL  OR  CONSEQUENTIAL  DAKAOBS  ARISINO  OUT  OP,  OR  IN  CONNECTION 
WITH,  TEB  USB  OP  THIS  DOCUMENT  OR  THE  LPP  COKPUTBR  PROQRAM 


Thia  aoftware  product  ita  doouaantat ion  aat  ara  copyrighted  and  all  righta  are  reaarvad  by  8. E. A. Inc. 

Uaaga  of  thia  product  ia  only  allowed  under  tha  tarma  aat  forth  in  tiM  Software  Llcenae  Agreement. 

Any  reproduction  or  diatributlon  of  thia  document,  in  whole  or  in  part,  without  the  prior  written 
conaent  of  S.E.A.Inc.  ia  prohibited. 


RESTRICTED  RIGHTS  NOTICE 

*  If  thia  aoftware  la  fumiahad  to  a  U.S.  Department  of  Defense  agency,  the  following  applieat 
RESTRICTED  RIGHTS  LEGEND 

“Uaa,  duplication,  or  diaclosure  by  tha  Government  is  subject  to  restrictions  as  set  forth  in  sxibdivision  (b) 
(3)  (ii)  of  tha  Righta  in  Teohnlcal  Data  and  Co^utar  Software  clause  at  DOD  PAR  SUP  52.227-7013. 

8. E. A. Ino.,  1000  E.  William  Street,  Suite  200,  Carson  City,  Nevada  89701  USA.” 


*  If  thia  aoftware  la  furnished  to  National  Aeronautics  and  space  Administration,  the  following  applieat 
RESTRICTED  RIGHTS  LEGEND 

This  computer  software  is  atibmitted  with  "restricted  righta".  Use,  duplication  or  disclosure  ia  subject  to 
the  restrictions  as  set  forth  In  NASA  PAR  SUP  18-52.227-79  (April  1985)  “Cammeroial  Cosqimter  Software-Restricted 
Rights,  (April  1985).* 

S.B.A.Ino.,  1000  B.  William  Street,  Suita  200, 

Carson  City,  Nevada  89701. 

Z£  the  contract  contalxis  the  Clauaa  at  18-52.227-74  "Rights  in  Data  General*  then  the  "Alternate  III" 
clause  applies. 

COPTRIOHT-C  1984,1967,1988,1989,1990,1991  S.B.A.INC. 

ALL  RIGHTS  RHSHRVKD 


THIS  VERSION  OP  LPP  IS  THE  PROPRIBTART  FROPERTT  OP  SOFTWARE  AND  BNGINEERINQ  ASSOCIATES,  INC. 
THIS  CODE  MAT  NOT  BB  DISTRIBUTED  OR  COPIED  WITHOUT  WRITTEN  PERMISSION  OP  SEA,  INC. 


1 

TITLE  CASES  LOX/RPl  TRW  50R  ENQINB 

DATA 

C  LOZ/RP-1  SOX  PRISM  DROP8IZBS  D30  LOleBIMODAL  DZST. 

C  PC  3  235.0  MR32.4S  WT3149.0  TEST  450  D30  RPlsTRIMODAL  DIST. 

C  CONSTANT  AREA  —  20  DROP  TRAJECTORY  RUN 
$DATA 
SCAPel, 

R5Zb4.125, 

BCRAT33.8364, 

RIb.OI 

THBTAI345., 

RNTU3.5, 

ZT83.74, 

NZCNESsl, 

$END 

$8CAP 

PZLBNAMBs  'RPl .  DAT  '  , 

ZI(1)3  35.7, 

DEI (1)3  2.0, 

ZNDZsO, 

IPART32, 

TWODsl, 

HSBTmlOrlO, 


D8(l,l)s 

54., 

94., 

132.,  174 

224. 

.,  300. 

,  414., 

714., 

46.,  148., 

08(1,2)3 

170., 

320., 

494.,  744 

.,1434. 

.,  144. 

,  394., 

498., 

994.,  214., 

Ps  235.0, 

Us  0, 

BND0T(1}3 

122.7 

, 

46.3, 

DITs  3 

.14, 

VXT(l,l)a 

1045., 

1045 

1045., 

1045., 

1045., 

1045., 

1045., 

1045.,  1042., 

1042. 

V1Y(1,2)3 

1045., 

1045 

1065., 

1045., 

1045., 

1042., 

1042., 

1042.,  1042., 

1072. 

VZZ(1,1)3 

153.4, 

153. 

4,  153.4, 

153.4, 

153.4, 

153.4, 

153.4, 

153.4,  254.3, 

254.3 

VIZ(1,2)3 

153.4, 

153. 

4,  153.4, 

153.4, 

153.4, 

254.3, 

254.3, 

254.3,  254.3. 

1072. 

TLL(1)3 

180., 

530., 

RATMNb  .2, 

RATKZ3  20., 

BRHMAZ  3  .499, 

OPSTOCs  3.4, 

PLTPROPsP, 

IPPLOTslO*!, 5*0,1,  PAC13.9, 
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Case  3 


case3 .out 


turn 

OTZTLE  CXSB3  LOX/RPl  TRW  50K  KNQINB 
OORTA 

C  LOX/RP-l  50K  PRISM  DROPSIZES  D30  tiOX=BIKODAL  DIST. 

C  PC  S  235.0  MIU2.65  WT=169.0  TEST  050  D30  RPIsTRUCODAL  DIST. 

C  COMSTANT  AREA  —  2D  DROP  TRAJECTORY  RUM 
IDATA 
SCAPal, 

RSI36.125, 

BCRATs3.e384, 

RIs.Ol 


THSTAI-45., 

RWTUb.S, 

ZT=3,76, 

HZOMESal, 

$END 

98CAP 

PILENAMEs ' RPl . DAT' , 
XI(1)b  35.7, 
DXI(l}s  2.0, 
ZKDXbO, 

IPARTb2, 

TWOD-l, 

HSET>10,10, 


D8(l,l)a  54., 

90., 

132.,  174 

.,  220 

.,  300. 

,  410., 

714., 

48., 

148., 

D8(l,a)a  170., 

320., 

494.,  704 

.,1430 

.,  140. 

,  294., 

498., 

990., 

214., 

Pa  235.0, 

Ua  0, 

XMDOT(l}x  123.7 
DITa  3.10, 

VIY(l,l)a  1005., 

1005 

40.3, 

.,  1005., 

1005., 

1005., 

1005., 

1005., 

.  1005. 

,  1042., 

1042. 

VIY(l,a)a  1005., 

1005 

.,  1005., 

1005., 

1005., 

1042., 

1042., 

,  1042. 

,  1042., 

1072. 

VIXd.Do  153.4, 

153. 

4,  153.4, 

153.4, 

153.4, 

153.4, 

153.4, 

,  153.4 

,  254.3, 

254.3 

VIX(1,2)b  153.4, 

153. 

4,  153.4, 

153.4, 

153.4, 

254.3, 

254.3, 

254.3 

,  254.3, 

1072. 

TLLU)a  180.,  530., 

RATMMb  .2, 

RATMXb  20., 

BRIOCAX  ■  .499, 

OrSTOCs  3.4, 

PLTPROPbP, 

1FPLOT«10*1,  5*0,1,  rACle.9, 

lEMD 

inrpoT 

PCRITb731,  315, 

FLAMEFb  2,  TFLAMBs0458., 

KXMESb'LOX',  'RP-1', 


MPRESa  3, 
HSPa  9, 


flPHAKSa  ' 

CB4', 

'  CO','  C02',' 

B','  Bl','  820', 

/ 

O', 

'  02','  OH', 

WN(l)a 

10.04 

,  28.01 

44.01,  1.01 

2.02,  18.02,  16.00,  32.00 

SPSId,  1)« 

148.000 

,  91.700 

195.200,  37.000 

59.700,809.100, 106.700, 106.700 

SIONAd,  l)s 

3.7580 

,  3.6900 

3.9410,  2.7080 

2.8270,  2.6410,  3.0500,  3.4670 

8I00Pa  3.4070, 

7.5620, 

WTKOLb  32.0000,  172.000,  FLANX2s  F, 

PR88-  200.000, 

MR*  0, 

250.000,  350.000, 

EPSOFa  106.700,  521.000, 

R(l)- 

20.000 

,  10.000 

5.000,  2.400 

1.000,  0.100, 

rapd,  1,  i)a 

0.0, 

0.0, 

0.0,  0.0, 

0.0099,  0.5470, 

Y8Pd,2,  l}a 

0.0000, 

0.0086, 

0.1087,  0.3465, 

0.4679,  0.0080, 

T8Pd«3,l)B 

0.1082, 

0.1935, 

0.2220,  0.1202, 

0.0024,  0.0070, 

T8Pd,4,  l)a 

0.0000, 

0.0007, 

0.0130,  0.0433, 

0.0000, 

T8Pd,5,l)a 

0.0000, 

0.0012, 

0.0165,  0.1102, 

0.5132,  0.3239, 

T8Pd,0,l)a 

0.1064, 

0.1841, 

0.2602,  0.3017, 

0.0066,  0.1139, 

Y8Pd,7,l)> 

0.0000, 

0.0093, 

0.0403,  0.0123, 

Y8Pd,8,l)« 

0.7850, 

0.5759, 

0.2540,  0.0133, 

T8Pd,9,l)« 

0.0003, 

0.0267, 

0.0851,  0.0524, 

Y8Pd,  l,2)a 

o 

o 

0.0, 

0.0,  0.0, 

0.0117,  0.5586, 

T8Pd,2,2}a 

0.0000, 

0.0080, 

0.1070,  0.3468, 

0.4676,  0.0061, 

Y8Pd,3,2)« 

0.1082, 

0.1942, 

0.2247,  0.1212, 

0.0026,  0.0071, 

Y8Pd,4,a)- 

0.0000, 

0.0006, 

0.0123,  0.0415, 

0.0000, 

T8Pd,S,2}a 

0.0000, 

0.0011, 

0.0160,  0.1099, 

0.5103,  0.3114, 

Y8Pd,0,2)B 

0.1064, 

0.1647, 

0.2620,  0.3045, 

0.0076,  0.1147, 

Y8Pd,7,2)a 

0.0000, 

0.0087, 

0.0390,  0.0116, 

Y8Pd,8,2)x 

0.7850, 

0.5766, 

0.2540,  0.0127, 

Y8Pd,9,2)« 

0.0003, 

0.0260, 

0.0840,  0.0517, 

Y8Pd,l,3)« 

0.0, 

0.0, 

0.0,  0.0, 

0.0148,  0.5763, 

Y8Pd,2,3)- 

0.0000, 

0.0073, 

0.1042,  0.3471, 

0.4673,  0.0082, 

Y8Pd,3,3)- 

0.1082, 

0.1952, 

0.0229,  0.1220, 

0.0033,  0.0072, 

Y8Pd,4,3)a 

0.0, 

0.0005, 

0.0113,  0.0380, 

0.0000, 

YSPd,5,3)- 

0.0000, 

0.0010, 

0.0154,  0.1093, 

0.5052,  0.2923, 

Y8Pd,0,3)« 

0.1064, 

0.1857, 

0.2646,  0.0309, 

0.0094,  0.1160, 

Y8Pd,7,3)« 

0.0000, 

0.0078, 

0.0371,  0.0106, 

Y8Pd,8,3)« 

0.7851, 

0.5775, 

0.2540,  0.0119, 

Y8Pd,9,3)a 

0.0003, 

0.0249, 

0.0044,  0.0506, 

WMTABd,!)* 

31.8060 

31.1100, 

27.7770,22.2140, 

14.3660,12.0140, 

1IICTABd,2)- 

31.8060 

31.1370, 

27.8500,22.2730, 

14.4120, 12.1050, 

1IMTABd,3)s 

31.8070 

31.1750, 

27.9610,22.3630, 

14.4950, 12.2420, 

TCld,l)* 

3133.50 

4960.10, 

5958.60,6144.90, 

2662.30, 1596.00, 

TCld,2)« 

3133.70 

4978.50, 

6009.60,6198.40, 

2679.90, 1612.40, 

TCld,3)« 

3133.90 

5005.20, 

6086.90,6278.90, 

2709.80,1636.90, 

rOAXTd)* 
HTa  0, 

1.255 

1.218, 

1.209,  1.233, 

1.262,  1.296, 

TTABd)a 

540.00 

1080.00, 

1900.00,3060.00, 

4860.00,7020.00, 

V8Pd,  l)a 

0.6277 

1.0780, 

1.6370,  2.1770, 

2.9420,  3.7350, 

V8P<1,2)- 

0.9939 

1.6230, 

2.4160,  3.2090, 

4.3320,  5.4930, 

VSPd,3)a 

0.8512 

1.5200, 

2.3500,  3.1490, 

4.2450,  5.4020, 

V8Pd,4)B 

0.4194 

0.6580, 

0.9755,  1.2918, 

1.7409,  2.2070, 

V8Pd,S)« 

0.4995 

0.7952, 

1.1790,  1.5634, 

2.1077,  2.6716, 

V8Pd,0)« 

0.6137 

1.2033, 

2.2018,  3.2518, 

4.6926,  6.1211, 

V8Pd,7)« 

1.0561 

1.7466, 

2.6156,  3.4679, 

4.6870,  5.9441, 

V8Pd,8)- 

1.1558 

1.9116, 

2.8626,  3.7955, 

5.1299,  6.5058, 

17.01, 

79.800, 

3.1470, 
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Case  3 


case3 .out 

VSP(l,9)a  1.10<5,  1.7807,  2.6403,  3.5110,  4.7368,  6.0046, 

CPTABd,!)*  8.535,  12.484,  18.052,  21.580,  23.895,  24.855, 

CPTAB(l,2)s  6.965,  7.275,  8.056,  8.533,  8.837,  8.986, 

CPTAB(l,3)s  8.863,  11.266,  13.201,  14.145,  14.732,  15.022, 

CPTAB(l,4}s  4.968,  4.968,  4.968,  4.968,  4.968,  4.968, 

CPTAB(l,5)a  6.995,  7.009,  7.307,  7.907,  8.637,  9.125, 

CPTAB(l,6)s  8.028,  8.660,  10.163,  11.699,  13.122,  13.933, 

CPTAB(l,7)a  5.234,  5.050,  4.994,  4.980,  4.990,  5.081, 

CPTAB(l,8)a  7.023,  7.671,  8.438,  8.853,  9.388,  9.859, 

CPTAB(l,9)s  6.965,  7.003,  7.422,  8.046,  8.666,  9.038, 

NTLa  1,  10, 

TLI(l,2)s  460.00,  530.00,  560.00,  660.00,  760.00,  860.00, 
960.00,1060.00,1160.00,1218.00, 

PV(l,2)a  0.002,  0.003,  0.010,  0.210,  2.100,  11.000, 

36.000,100.000,220.000,315.000, 

REOL(l,2)a  .029740, .028870, .028410, .027200, .025640, .023900, 

.022000, .019560, .015740, .009840, 

CP(1,2)8  0.43500,0.47000,0.48500,0.54000,0.59000,0.64700, 

0.70000,0.77500,0.06000,0.90100, 

LAM(l,2)a  144.300,139.200,137.000,128.900,120.000,109.800, 

97.770,  82.660,  60.740, 

HTFLNa  7,  6, 

TFILKd,  l)a  180.00,  540.00,  1080.00,  1800.00,2700.00,3600.00,5400.00, 
TPILMd,2)a  360.00,  540.00,  720.00,  900.00,1080.00,1260.00, 
WISd,l}a  0.45940,1.23790,2.04750,2.88240,3.74240,4.52090,5.88170, 
WZSd,2)a  0.15700,0.24600,0.33600,0.42000,0.48200,0.53800, 
KVAPd,l)a  0.145,  0.393,  0.705,  1.125,  1.453,  1.809,  2.476, 

KVAPd,2)a  0.126,  0.174,  0.278,  0.394,  0.498,  0.607, 

CPVAPd,l)a  0.217,  0.220,  0.240,  0.261,  0.273,  0.282,  0.298, 

CPVAP(1,2)8  0.275,  0.380,  0.470,  0.562,  0.650,  0.725, 

$Bin) 

STSADT-STATB  SPRAT  COKBUSTIOH  MODSL 

MASS  PLOH  BK  SIO  KOLB  Wt 

122.70  .OOOB+00  .00  32.00 

46.30  .OOOB+00  .00  172.00 

CASB3  LOZ/RPl  TRW  50K  BMQINB 


0 

O 

F 

1 


OXa-23,030  Ua  .0  Ts3134.  TOa3134.  Pa  235.00  POa  235.00  0/Fa  .2000B+02  MACHa  .000  ARXAa  452.39  DADXa 

OVAPORIZED  PRACTI(«  O  .000019  P  .000000  BOTH  .000014  COKB  .000000  SOtJHD  SPXBOa 

VAPORIZATION  RATB/IN  0  .185703  F  .000007  BOTH  .134629  COKB  .000008 

0  O(KICR)  NASS(LB)  VdN/SKC)  tJ-V/A  TKHP  HOHBER  <MI“M)/KI  (EN/DX)/MI  RAD  POSIT. 


OXIOIZZR  DROPS 

1  54.0306  .20173B-09 

2  96.0203  .1133SB-06 

3  132.0163  .294678-08 

4  174.0135  .6749SB-08 

5  226.0114  .147898-07 

6  300.0095  .345938-07 

7  416.0078  .922378-07 

8  714.0056  .466368-06 

9  48.0232  .141698-09 

10  146.0108  .415348-08 

OPUBL  DROPS 

1  170.0092  .453208-08 

2  320.0060  .302278-07 

3  494.0045  .111218-06 

4  764.0034  .411368-06 

5  1436.0022  .273158-05 

6  146.0072  .287088-08 

7  294.0045  .234428-07 

8  498.0032  .113938-06 

9  996.0020  .911438-06 

10  214.0022  .904048-08 


153. 

-.0052 

180.83 

.6088411 

153. 

-.0052 

180.31 

.1068411 

153. 

-.0052 

180.18 

.4168410 

153. 

-.0052 

180.12 

.1828410 

153. 

-.0052 

180.07 

.8308409 

153. 

-.0052 

180.05 

.3558409 

153. 

-.0052 

180.03 

.1338409 

153. 

-.0052 

180.01 

.2638408 

254. 

-.0085 

180.71 

.8668411 

254. 

-.0085 

180.11 

.2958410 

153. 

-.0052 

530.31 

.1028410 

153. 

-.0052 

530.11 

.1538409 

153. 

-.0052 

530.05 

.4168408 

153. 

-.0052 

530.03 

.1138408 

153. 

-.0052 

530.01 

.1708407 

254. 

-.0065 

530.28 

.1618410 

254. 

-.0085 

530.09 

.1988409 

254. 

-.0085 

530.04 

.4068408 

254. 

-.0085 

530.01 

.5088407 

1072. 

-.0360 

530.06 

.5128409 

6598-04 

-.639X400 

3.16 

2458-04 

-.237X400 

3.16 

1438-04 

-.139X400 

3.16 

9018-05 

-.8798-01 

3.16 

5898-05 

-.5738-01 

3.16 

3708-05 

-.3638-01 

3.16 

2168-05 

-.2158-01 

3.16 

9148-06 

-.9118-02 

3.16 

5638-04 

-.548X400 

3.16 

8558-05 

-.8348-01 

3.16 

.0008400 

-.2048-04 

3.16 

.000X400 

-.7118-05 

3.16 

.0008400 

-.3538-05 

3.16 

,0008400 

-.1758-05 

3.16 

.0008400 

-.6468-06 

3.16 

.0008400 

-.1878-04 

3.16 

.0008400 

-.5988-05 

3.16 

.0008400 

-.2568-05 

3.16 

.0008400 

-.8618-06 

3.16 

.000X400 

-.4288-05 

3.16 

0008400 

.2988405 


0ZIDIZ8R  POXL  TOTAL  COKBUST. 
BURNINO  RATS  PARAH8TBR  .268341  .000004  .268344  .000025 

ORAO  PARAMBT8R  156.06  11.35  167.41 


SCRIPT  J  .137748-06 

0 IHT8QRATI0N  STBPa  .0001 
OX.  DROP  GROOP  1  IS  BOILIMa 
OX.  DROP  GROUP  2  IS  BOILINa 
OX.  DROP  GROUP  3  IS  BOZLZHG 
OX.  DROP  GROUP  10  IS  BOILING 
1  CA883  LOX/RPl  TRW  SOX  8BGZH8 


OXa-21.030  Ua  3821.2  Ta5540.  TOa5545.  Pa  232.69  POa  233.95  O/Fa  .71918401  MACHa  .094  ARXAa  452.39  DADXa 
0VAPORIZ8D  PRACTIOH  O  .820222  P  .302293  BOTH  .678328  COKB  .364397  SOUND  SPE8D: 
VAPORIZATION  RATB/IN  0  .056504  F  .099246  BOTH  .068214  COKB  .119635 


0 

D(KICR) 

KA8S(LB)  V{IM/S8C) 

U-V/A 

TEKP 

OXIOIZBR  DROPS 

1 

.0000 

.000008400 

0. 

.0000 

.00 

2 

.0000 

.000008400 

0. 

.0000 

.00 

3 

.0000 

.000008400 

0. 

.0000 

.00 

4 

46.1797 

.105678-09 

2043. 

.0438 

228.93 

5 

124.3229 

.206188-08 

1627. 

.0541 

228.95 

6 

219.2935 

.113158-07 

1444. 

.0586 

228.95 

7 

357.7855 

.491408-07 

1284. 

.0626 

228.95 

8 

697.2107 

.363628-06 

1076. 

.0677 

228.96 

9 

.0000 

.000008400 

0. 

.0000 

.00 

10 

23.0835 

.131978-10 

2594. 

.0303 

228.95 

OFUBL  DROPS 

1 

56.6776 

.104178-09 

2263. 

.0384 

1103.29 

2 

319.8350 

.188138-07 

1601. 

.0548 

1100.93 

3 

547.2622 

.104178-06 

1363. 

.0606 

1046.47 

4 

819.0189 

.409538-06 

1166. 

.0655 

890.03 

5 

1478.1162 

.273128-05 

946. 

.0709 

706.89 

6 

32.1328 

.190188-10 

2718. 

.0272 

1102.41 

NUKBBR 

(MI-K)/NI 

(DH/DX)  /HI 

RAD  POSIT 

.0008400 

.1008401 

.0008400 

.00 

.0008400 

.1008401 

.0008400 

.00 

.0008400 

.1008401 

.0008400 

.00 

.1828410 

.964X400 

-.5208-01 

4.68 

.8308409 

.8618400 

-.130X400 

5.39 

.3558409 

.673X400 

-.1478400 

5.95 

.1338409 

.4678400 

-.129X400 

6.59 

.263X408 

.2208400 

-.8408-01 

7.56 

.0008400 

.1008401 

.0008400 

.00 

.2958410 

.9978400 

-.2308-01 

4.68 

.1028410 

.9778400 

-.7128-01 

4.49 

.1538409 

.3788400 

-.2078400 

5.60 

.4168408 

.6338-01 

-.6978-01 

6.41 

.1138408 

.4468-02 

-.6238-02 

7.18 

.1708407 

.1238-03 

-.1598-03 

8.19 

.1618410 

.9938400 

-.3648-01 

4.38 

000X400 

.4068405 
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cases .out 


Case  3 


7 

296.6941 

.15037E-07 

1626. 

.0541 

1100.34 

.198X409 

.359X400 

-.232X400 

5.36 

8 

549.7826 

.11036B-06 

1343. 

.0611 

1009.80 

.406X408 

.313K-01 

-.469X-01 

6.07 

9 

1036.8435 

. 91106B-06 

1066. 

.0679 

763.42 

.508X407 

.405K-03 

-.541K-03 

6.87 

10 

229.4679 

.70805E-Oa 

1773. 

.0505 

1091.94 

.512X409 

.217X400 

-.323X400 

4.42 

OXIDIZER 

FURL 

TOTAL 

COMBUST. 

BURNINO  RATB 

PARAKBTRR 

.115665 

.076673 

.192359 

.374015 

DRAO  PARAMRTRR 

.79 

1.24 

2.03 

SCRIPT  J 

.27114B- 

-06 

OINTSORATIOH  STSPs  .0003 
OX.  DROP  OROOP  4  IS  BOILINO 
OX.  DROP  OROT7P  S  IS  BOILINO 
1  CASB3  LOX/RPl  TRW  50K  XWOIlfS 


OXs-19.030  Us  4837.0  T=5930.  TOs5937.  P=  231.77  POa  233.56  0/P=  .5263R+01  MXCHa 

OVXPORIZED  FRACTION  O  .864558  F  .445440  BOTB  .764255  COMB  .536953 


113  ARRAa  452.39  DADXa 
SOUND  SPKSOa 


VAPORIZATION 

RATR/m 

O  .019673 

F  .053743  BOTH  .029007  COMB 

.064784 

0  D(NICR) 

OXIDIZRR  DROPS 

NAS3(LB)  V(IN/SRC) 

U-V/A 

TRMP 

NUMBER 

(M1-M)/NI 

(DM/DZ)  /MI 

RAD  POSIT 

1 

.0000 

.OOOOOR4OO 

0. 

.0000 

.00 

.000X400 

.IOOX4OI 

.000X400 

.00 

2 

.0000 

.OOOOOR4OO 

0. 

.0000 

.00 

.000X400 

.100X401 

.000X400 

.00 

3 

.0000 

.OOOOOR4OO 

0. 

.0000 

.00 

.000X400 

.100X401 

.000X400 

.00 

4 

.0000 

.OOOOOR4OO 

0. 

.0000 

.00 

.OOOX400 

.100X401 

.000X400 

.00 

5 

53.1641 

.161258-09 

2941. 

.0443 

228.92 

.830X409 

.989X400 

-.213X-01 

5.73 

6 

165.0225 

.48228B-08 

2424. 

.0563 

228.91 

.355X409 

.661X400 

-.599X-01 

6.43 

7 

311.0908 

.32308B-07 

2148. 

.0628 

228.92 

.133X409 

.650X400 

-.6648-01 

7.22 

8 

657.4283 

.30492E-06 

1811. 

.0706 

228.92 

.263X408 

.346X400 

-.4918-01 

8.50 

9 

.0000 

.OOOOOR4OO 

0. 

.0000 

.00 

.000X400 

. 100X401 

.0008400 

.00 

10 

OPURL  DROPS 

.0000 

.OOOOOB4OO 

0. 

.0000 

.00 

.OOOB4OO 

. IOOR4OI 

.OOOR4OO 

.00 

1 

.0000 

.OOOOOS4OO 

0. 

.0000 

.00 

.000X400 

. IOOX4OI 

.0001400 

.00 

2 

260.5099 

.10098S-07 

2621. 

.0517 

1104.09 

.153X409 

. 666B4OO 

-.1001400 

5.98 

3 

528.5990 

.864178-07 

2271. 

.0599 

1092.46 

.416X406 

.223X«-00 

-.8008-01 

6.99 

4 

841.4923 

.400878-06 

1963. 

.0671 

998.73 

.113X406 

.2558-01 

-.1588-01 

7.98 

5 

1500.6726 

.272998-05 

1606. 

.0754 

760.62 

.170X407 

.5851-03 

-.3731-03 

9.35 

6 

.0000 

.00000X400 

0. 

.0000 

.00 

.000X400 

.IOOX4OI 

.000X400 

.00 

7 

236.1736 

.75245B-08 

2664. 

.0507 

1104.07 

.198X409 

.679X400 

-.109X400 

5.79 

8 

544.2641 

.96006K-07 

2242. 

.0606 

1084.17 

.406X406 

.157X400 

-.7278-01 

6.73 

9 

1061.8212 

.908668-06 

1793. 

.0711 

867.64 

.508X407 

.3038-02 

-.1988-02 

7.89 

10 

168.0326 

.27110E-08 

2819. 

.0471 

1103.89 

.512X409 

.700X400 

-.1578400 

4.93 

BORNINQ  RATB  PARAMSTRR 
DRAG  PARAICBTRR 


OXIDIZKR  FURL  TOTAL  COXBUST. 
.042822  .044141  .086964  .202535 

.28  .57  .85 


SCRIPT  J  .29701B-06 

OZNTRORATION  STXPa  .0037 
OX.  DROP  OROOP  6  IS  BOILINO 
1  CASI3  LOX/RPl  TRW  50X  BNOINX 


OXa-17.030  Ob  5419.1 
OVAPORIZRO  FRACTION 
VAPORIZATION  RATE/ IN 


Tb6013.  TOb6023. 
O  .913217  F 

O  .010929  F 


PB  231.29  POb  233.41  O/Fa  .4554B«01  KACB* 
.531372  BOTH  .808605  COMB  .640539 

.034153  BOTH  .017292  COMB  .041169 


.123  ARXAa  452.39  OADXb 
SOUND  SPRRDb 


0  D(MICR) 

OXIDIZER  DROPS 

MASS(LB)  V(IN/8XC} 

U-V/A 

T8KP 

NUMBER 

(MI-N) /MI 

(DM/DX) /MI 

RAD  POSIT 

1 

.0000 

.00000X400 

0. 

.0000 

.00 

.000X400 

. 100X401 

.000X400 

.00 

2 

.0000 

.00000X400 

0. 

.0000 

.00 

.000X400 

. 100X401 

.000X400 

.00 

3 

.0000 

.00000X400 

0. 

.0000 

.00 

.000X400 

. 100X40I 

.000X400 

.00 

4 

.0000 

.00000X400 

0. 

.0000 

.00 

.000X400 

. 100X401 

.000X400 

.00 

5 

.0000 

.00000X400 

0. 

.0000 

.00 

.000X400 

.100X401 

.000X400 

.00 

6 

120.3978 

.18726E-08 

3141. 

.0517 

228.94 

.355X409 

.946X400 

-.399X-01 

6.74 

7 

275.4839 

.224478-07 

2763. 

.0602 

228.82 

.133X409 

.757X400 

-.4341-01 

7.65 

8 

628.0586 

.265988-06 

2340. 

.0699 

228.83 

.263X408 

.430X400 

-.3618-01 

9.11 

9 

.0000 

.00000X400 

0. 

.0000 

.00 

.000X400 

. IOOB4OI 

.000X400 

.00 

10 

07DRL  DROPS 

.0000 

.00000X400 

0. 

.0000 

.00 

.000X400 

. 100X401 

.000X400 

0 

0 

1 

.0000 

.00000X400 

0. 

.0000 

.00 

.000X400 

.1001401 

.000X400 

.00 

2 

212.3009 

.546988-08 

3322. 

.0476 

1103.71 

.153X409 

.819X400 

-.5818-01 

6.34 

3 

496.1511 

.702948-07 

2896. 

.0572 

1100.51 

.416X408 

. 3681400 

-.6538-01 

7.37 

4 

846.3882 

.365018-06 

2533. 

.0655 

1047.18 

.113X408 

.4418-01 

-.3188-01 

6.51 

5 

1517.5970 

.272718-05 

2089. 

.0755 

830.17 

.170X407 

. 144X-03 

-.6468-03 

10.12 

6 

.0000 

.000008400 

0. 

.0000 

.00 

.000X400 

.IOOX4OI 

.0008400 

.00 

7 

186.3472 

.369988-08 

3379. 

.0463 

1103.61 

.198X409 

.843X400 

-.6008-01 

4.07 

a 

517.0341 

.800228-07 

2866. 

.0579 

1097.70 

.406X408 

.298X400 

-.6588-01 

7.17 

9 

1078.9305 

.903128-06 

2320. 

.0703 

933.46 

.508X407 

.913X-03 

-.3918-03 

8.57 

10 

111.5304 

.793938-09 

3586. 

.0416 

1103.18 

.512X409 

.912X400 

-.6618-01 

5.26 

BORNINO  RATH  PARAMRTRR 
DRAO  PARAMRTRR 


OXIDIZRR  FURL  TOTAL  COMBUST. 

.024491  .028679  .053370  .128707 

.16  .36  .52 


SCRIPT  J 

OZNTRORATION  STRPa 
1 


.30597B-06 


CASR3  LOX/RPl  TRW  50X  RHQINR 


OXb-IS.030  Ob  5798.1 
OVAPORIZRD  FRACTION 
VAPORIZATION  RATE/ IN 

0 


Ta6037.  TOb6048. 
0  .930941  F 

O  .007134  F 


Pb  230.98  POb  233.33  O/Fs  .4305t«4l  HACRb 


.586653 

.022203 


BOTH 

BOTH 


.836618 

.011263 


COKB 

CGtCB 


.70717? 

.•24745 


ARRAa  452.39  DADXb 
BOUND  SPRRDb 


DROPS 

D(MICR) 

NASS(LB)  V(IN/88C) 

U-V/A 

T8XP 

NUMB&R 

(«1  -N)  /MI 

(DM/DX) /MI 

RAD  POSIT 

1 

.0000 

.000008400 

0. 

.0000 

.00 

.0008400 

.1001401 

.000X400 

.00 

2 

.0000 

.000008400 

0. 

.0000 

.00 

.0008400 

.1001401 

.000X400 

.00 

3 

.0000 

.000008400 

0. 

.0000 

.00 

.0008400 

. 100I401 

.000X400 

0 

0 

4 

.0000 

.000008400 

0. 

.0000 

.00 

.0008400 

.1008401 

.000X400 

.00 

5 

.0000 

.000008400 

0. 

.0000 

.00 

.0008400 

.1008401 

.000X400 

.00 

6 

76.4277 

.479578-09 

3777. 

.0451 

228.73 

.3558409 

.984X400 

-.121X-01 

6.97 

7 

244.6581 

.157308-07 

3256. 

.0547 

228.75 

.1338409 

.839X400 

-.3051-01 

7.98 

000X4-00 

.428X4-05 


000X4-00 

.441X405 


000X400 

.440X-405 


73 


Case  3 


case3 .out 


8 

603.4929 

.236072-06 

2764. 

.0677 

228.76 

.263X4-08 

.494X400 

-.2872-01 

9.60 

9 

.0000 

.00000X4-00 

0. 

.0000 

.00 

.000X4-00 

.100X401 

.000X400 

.00 

10 

.0000 

.00000X4-00 

0. 

.0000 

.00 

.0002+00 

.100X401 

.000X400 

.00 

DROPS 

1 

.0000 

.00000X4-00 

0. 

.0000 

.00 

.OOOB+00 

.100X401 

.000X400 

.00 

2 

168.4841 

.27377B-08 

3879. 

.0428 

1103.06 

.1S3E+09 

.909X400 

-.3432-01 

6.44 

3 

464.2437 

.57343B-07 

3363. 

.0539 

1102.49 

.416B+08 

.484X400 

-.5182-01 

7.67 

4 

843.2521 

.36563B-06 

2984. 

.0628 

1072.46 

.113B+08 

.111X400 

-.257B-01 

8.92 

5 

1531.3533 

.27230B-05 

2480. 

.0740 

868.87 

.170B+07 

.312B-02 

-.9012-03 

10.72 

6 

.0000 

.OOOOOB+00 

0. 

.0000 

.00 

.OOOX-fOO 

.100X401 

.OOOB+OO 

.00 

7 

140.3067 

.15016B-08 

3953. 

.0412 

1102.91 

.198X+09 

.933X400 

-.326Z-01 

6.26 

8 

487.0387 

.66366B-07 

3352. 

.0546 

1101.40 

.406B+08 

.417X400 

-.5422-01 

7.51 

9 

1091.9760 

.89441B-06 

2744. 

.0681 

980.57 

.508B+07 

.1872-01 

-.613B-02 

9.09 

10 

54.4188 

.92479B-10 

4503. 

.0289 

1101.89 

.512X409 

.990X400 

-.1632-01 

5.49 

BURIIING  RATS  PARANBTBR 
DRAG  PARANBTSR 


OXIDIZBR  POSL  TOTAL  CQKBU9T. 

.016260  .019095  .095354  .083675 

.11  .26  .37 


SCRIPT  J 

OZHTBORATIOH  8TBP- 
1 


.31028S-06 


CASB3  LOZ/RPl  TRW  SOX  SKQZin 


0Z»-13.030  Us  6045.9 
OVAPORIZZD  PRACTIOW 
VAPORIZATION  RATB/IN 


Ts60SO.  TO=6062. 
O  .942762  P 

O  .004601  r 


Ps  230.76  PCs  233.27  0/7s  .4006X<f01  MACH= 

.623741  BOTH  .855362  COMB  .751884 

.015729  BOTH  .007650  COMB  .018961 


.134  ARBAs  452.39  DADZs 
SOUND  SPZBDs 


0 

D(KICR) 

KASS(LB)  V(ZN/SBC) 

U-V/A 

TBMP 

NUMBER 

(MI-M)  /MI 

OZIDIZXR  DROPS 

1 

.0000 

.000002400 

0. 

.0000 

.00 

.000X400 

.100X401 

2 

.0000 

.00000X400 

0. 

.0000 

.00 

.000X400 

.100X401 

3 

.0000 

.OOOOOB+OO 

0. 

.0000 

.00 

.000X400 

.lOOB+Ol 

4 

.0000 

.00000X400 

0. 

.0000 

.00 

.000X400 

.100X401 

5 

.0000 

.00000X400 

0. 

.0000 

.00 

.000X400 

.100X401 

6 

.0000 

.00000X400 

0. 

.0000 

.00 

.000X400 

.IDOB+Ol 

7 

216.6047 

.10918B-07 

3660. 

.0527 

228.70 

.133X409 

.8822400 

8 

581.9456 

.211732-06 

3111. 

.0648 

226.71 

.263X408 

.546X400 

9 

.0000 

.00000X400 

0. 

.0000 

.00 

.000X400 

.100X401 

10 

.0000 

.00000X400 

0. 

.0000 

.00 

.000X400 

.100X401 

OPDBL  DROPS 

1 

.0000 

.OOOOOB+OO 

0. 

.0000 

.00 

.000X400 

.100X401 

2 

126.2461 

.11531B-08 

4339. 

,0377 

1102.51 

.153X409 

.962B400 

3 

434.6171 

.470032-07 

3772. 

.0502 

1102.97 

.416X408 

.577X400 

4 

832.9493 

.343722-06 

3351. 

.0595 

1084.76 

.113B408 

.164X400 

5 

1543.3223 

.27169B-0S 

2805. 

.0716 

900.46 

.170X407 

.537B-02 

6 

.0000 

.00000X400 

0. 

.0000 

.00 

.000X400 

.100X401 

7 

94.5034 

.48396B-09 

4464. 

.0349 

1102.24 

.196X409 

.979X400 

8 

458.3575 

.SS186B-07 

3740. 

.0509 

1102.52 

.406X408 

.516X400 

9 

1100.0587 

.8809SB-06 

3094. 

.0652 

1012.82 

.508X407 

.334B-01 

10 

.0000 

.00000X400 

0. 

.0000 

.00 

.000X400 

.100X401 

(DN/DX)/MI 

.OOOB4>00 

.OOOB+00 

.OOOB-t.00 

.OOOB<fOO 

.OOOB+00 

.OOOB<fOO 

-.322S-01 

O.238B-01 

.000X4^00 

.OOOB4>00 

.OOOB-fOO 

-.192B-01 

>.417B<01 

-.370S-01 

-.133S-02 

.OOOB4.00 

>.153B-01 

-.443B-01 

-.844B-02 

.OOOB4.00 


.00 

.00 

.00 

.00 

.00 

.00 

8.25 

10.01 

.00 

.00 

.00 

6.60 

7.93 

9.27 

11.23 

.00 

6.46 

7.80 

9.54 

.00 


BURNINU  RATB  PARAXBTBR 
DRAG  PARAXBTBR 


OZIDIZBR  7UBL  TOTAL  COXBUST. 

.010592  .013663  .024255  .059277 

.08  .20  .26 


SCRIPT  J 

OINTBGRATION  STSPs 
1 


.31283B-06 


CASB3  LOZ/RPl  TRW  50K  BNGINB 


OZe-11.030  U3  6226.1  Ts6059.  TOe6072.  P«  230.60  POs  233.23  O/P*  .3869B+01  XACH= 

OVAPORIZBO  TRACTION  O  ,950986  F  .651378  BOTH  .868904  COXB  .785200 

VAPORIZATION  RATB/IN  O  .003675  P  .012127  BOTH  .005991  COXB  .014619 


.137  ARBAs  452.39  DADXs 
SOUND  SPBBDs 


0 

D(K1CR} 

KASS(LB)  VdH/SSC)  U-V/A 

TBMP 

NUXBBR 

(MI-M) /MI 

(DM/DZ)/MI 

RAD  POSIT. 

OZIDIZBR  DROPS 

1 

.0000 

.00000X400  0. 

.0000 

.00 

.000X400 

.100X401 

.OOOB400 

.00 

2 

.0000 

.00000X400  0. 

.0000 

.00 

.000X400 

.100X401 

.000X400 

.00 

3 

.0000 

.00000X400  0. 

.0000 

.00 

.000X400 

.100X401 

.000X400 

.00 

4 

.0000 

.00000X400  0. 

.0000 

.00 

.000X400 

.100X401 

.000X400 

.00 

5 

.0000 

.00000X400  0. 

.0000 

.00 

.000X400 

.100X401 

.000X400 

.00 

6 

.0000 

.00000X400  0. 

.0000 

.00 

.000B400 

.100X401 

.000X400 

.00 

7 

190.1631 

.73919B-08  4000. 

.0488 

226.67 

.133X409 

.920X400 

-.164B-01 

8.50 

8 

562.4684 

.19121B-06  3402. 

.0620 

226.68 

.263X408 

.590X400 

-.204Z-01 

10.37 

9 

.0000 

.00000X400  0. 

.0000 

.00 

.000X400 

.100E401 

.000X400 

.00 

10 

.0000 

.00000X400  0. 

.0000 

.00 

.000B400 

.100X401 

.000X400 

.00 

OPDBL  DROPS 

1 

.0000 

.OOOOOB400  0, 

.0000 

.00 

.0008400 

.100X401 

.000X400 

.00 

2 

82.9718 

.32780B-09  4822. 

.0308 

1101.87 

.153X409 

.989X400 

-.867X-02 

6.75 

3 

407.0829 

.3a621X-07  4090. 

.0469 

1102.99 

.416X408 

.653X400 

-.341X-01 

8.15 

4 

816.4876 

.32169X-06  3654. 

.0564 

1091.38 

.113X408 

.218X400 

-.2648-01 

9.58 

5 

1553.1606 

.27088B-05  3078. 

.0691 

927.01 

. 170X407 

.B34X-02 

-.1638-02 

11.66 

6 

.0000 

.00000X400  0. 

.0000 

.00 

.000X400 

.100X401 

.000X400 

.00 

7 

46.8584 

.59150B-10  5243. 

.0215 

1101.03 

.198X409 

.997X400 

-.3948-02 

6.60 

8 

431.4406 

.4S994B-07  4057. 

.0476 

1102.82 

.406X408 

.596X400 

-.3678-01 

8.05 

9 

1102.9844 

.66419X-06  3386. 

.0623 

1035.58 

.508X407 

.516X-01 

-.9648-02 

9.93 

10 

.0000 

.OOOOOB+OO  0. 

.0000 

.00 

.000X400 

.100X401 

.000B400 

.00 

OZIDIZXR 

FUBL 

TOTAL 

COMBUST. 

BURNIKO  RATB 

PARAKXTBR 

.008520 

.010608 

.019128 

.045703 

DRAG  PARAKXTBR 

.06 

.17 

.23 

SCRIPT  J 

OINTBGRATION  STBPa 
1 


.31460B-06 


CASB3  LOZ/RPl  TRW  50X  BNGINB 


0Z>  -9.030  U*  6366.6  Ts6066,  TOs6079.  P»  230.48  POa  233.19  O/Pa  .3770B+01  XACHa  .139  ARBAa  452.39  DADZs 

OVAPORIZBD  TRACTION  O  .957612  P  .673099  BOTH  .879665  COXB  .811383  SOUND  SPBBDs 

VAPORIZATION  RATB/IN  0  .002990  7  .009852  BOTH  .004870  COXB  .011876 

0  D(MICR)  XASS(LB)  V(IN/SBC)  U-V/A  TBMP  NDXBBR  (XI-X) /MI  (DX/DX)/XI  RAD  POSIT 

OZIDIZBR  DROPS 


000B4^00 

.453X4^05 


000B<f00 

.456X4^05 


.000B<400 

.458B4>05 


74 


Case  3 


case3 .out 


1 

.0000 

.OOOOOB-fOO 

0 

.0000 

.00 

.OOOBf-OO 

.1008401 

.0008400 

.00 

2 

.0000 

.OOOOOE-fOO 

0. 

.0000 

.00 

.OOOB+00 

.1008401 

.0008400 

.00 

3 

.0000 

.OOOOOB4-0O 

0 

.0000 

.00 

.OOOBf-OO 

.1008401 

.0008400 

.00 

4 

.0000 

.00000B4-00 

0. 

.0000 

.00 

.OOOBf^OO 

.1008401 

.0008400 

.00 

5 

.0000 

.OOOOOB+OO 

0. 

.0000 

.00 

.OOOB+00 

.1008401 

.0008400 

.00 

0 

.0000 

.00000B4^00 

0. 

.0000 

.00 

.000B400 

.1008401 

.0008400 

.00 

7 

104.5777 

.47903B-06 

4294. 

.0452 

226.66 

.133Bf09 

.9468400 

-.1218-01 

8,71 

6 

544.4733 

.17340B-00 

3051. 

.0593 

226.65 

.2638408 

.6288400 

-.1788-01 

10.69 

9 

.0000 

.OOOOOB-fOO 

0. 

.0000 

.00 

.0008400 

.1008401 

.0008400 

.00 

10 

.0000 

.OOOOOBfOO 

0. 

.0000 

.00 

.0008400 

.1008401 

.0008400 

.00 

OFOBL  DROPS 

1 

.0000 

.OOOOOBfOO 

0. 

.0000 

.00 

.0008400 

.1008401 

.0008400 

.00 

2 

37.0063 

.30024B-10 

5010. 

.0104 

1100.35 

.1538409 

.9998400 

-.1908-02 

6.86 

3 

381.1549 

.31710B-07 

4358. 

.0436 

1102.86 

.4168408 

.7158400 

-.2638-01 

8.35 

4 

802.3401 

.30056B-06 

3910. 

.0536 

1095.28 

.1138408 

.2698400 

-.2508-01 

9.86 

5 

1501.4137 

.20992B-05 

3314. 

.0666 

949.94 

.1708407 

.1168-01 

-.1868-02 

12.08 

0 

.0000 

.OOOOOB-fOO 

0. 

.0000 

.00 

.0OOB4OO 

.1008401 

.0008400 

.00 

7 

.0000 

.OOOOOB-fOO 

0. 

.0000 

.00 

.0008400 

.1008401 

.0008400 

.00 

8 

400.0229 

.36334B-07 

4323. 

.0446 

1102.83 

.4068408 

.6648400 

-.3068-01 

8.28 

9 

1102.4601 

.645428-00 

3035. 

.0596 

1052.42 

.5088407 

.7248-01 

-.1078-01 

10.28 

10 

.0000 

.OOOOOBfOO 

0. 

.0000 

.00 

.0008400 

.1008401 

.0008400 

o 

o 

OZIDIZBR 

FOIL 

TOTAL 

COXBUST. 

BURNIHO  RATB 

PARAKBTBR 

.000907 

.008661 

.015629 

.037127 

DRAG  PARAKBTBR 

.05 

.14 

.19 

SCRIPT  J 

.31590B< 

•00 

OdTSORATION  STBPs  .0679 
OX.  DROP  ORODP  7  18  BOILIKQ 
1  CA8B3  LOX/RPl  TRW  SOB  BWOINB 


0X>  -7.109  XJm  0470.3  Ta0071.  TOsOOSO.  Pa  230.36  POa  233.17  0/Fa  .3090B4>01  MXCHa  .141  ARBAa  452.39  DADXa 


OVAPORIZBD  FRACTION 
VAPORIZATION  RAT8/IN 

0  .962692 

0  .002675 

F  .690292  BOTH  .888064  COXB 

F  .008772  BOTH  .004491  COKB 

.832109 

.010574 

SOUND 

SPBBDa 

0  D(HICR) 

OZIDIZBR  DROPS 

KASS(LB)  V(IN/SBC) 

U-V/A 

T8XP 

NUXBBR 

(KI-M)  /KI 

(DN/DX)/KI 

RAD  POSIT. 

1 

.0000 

.000008400 

0. 

.0000 

.00 

.0008400 

.1008401 

.0008400 

.00 

2 

.0000 

.000008400 

0. 

.0000 

.00 

.0008400 

.1008401 

.0008400 

.00 

3 

.0000 

.000008400 

0. 

.0000 

.00 

.0008400 

.1008401 

.0008400 

.00 

4 

.0000 

.000008400 

0. 

.0000 

.00 

.0008400 

.1008401 

.0008400 

.00 

5 

.0000 

.000008400 

0. 

.0000 

.00 

.0008400 

.1008401 

.0008400 

.00 

6 

.0000 

.000008400 

0. 

.0000 

.00 

.0008400 

.1008401 

.0008400 

.00 

7 

141.0202 

.299048-08 

4539. 

.0421 

230.09 

.1338409 

.9688400 

-.1298-01 

6.90 

8 

528.7377 

.156678-06 

3855. 

.0570 

228.63 

.2638408 

.6598400 

-.1598-01 

10.96 

9 

.0000 

.000008400 

0. 

.0000 

.00 

.0008400 

.1008401 

.0008400 

.00 

10 

OFUSL  DROPS 

.0000 

.000008400 

0. 

.0000 

.00 

.0008400 

.1008401 

.0008400 

.00 

1 

.0000 

.000008400 

0. 

.0000 

.00 

.0008400 

.1008401 

.0008400 

.00 

2 

.0000 

.000008400 

0. 

.0000 

.00 

.0008400 

.1008401 

.0008400 

.00 

3 

358.1163 

.263068-07 

4573. 

.0414 

1102.74 

.4168408 

.7638400 

-.2408-01 

6.53 

4 

786.7512 

.282028-06 

4116. 

.0513 

1097,57 

.1138406 

.3148400 

-.2358-01 

10.10 

5 

1566.9893 

.266908-05 

3506. 

.0645 

968.66 

.1708407 

.1568-01 

-.2258-02 

12.43 

6 

.0000 

.000008400 

0. 

.0000 

.00 

.0008400 

.1008401 

.0008400 

.00 

7 

.0000 

.000008400 

0. 

.0000 

.00 

.0008400 

.1008401 

.0008400 

.00 

8 

383.4424 

.322938-07 

4538. 

.0421 

1102.74 

.4068408 

.7178400 

-.2648-01 

6.47 

9 

1100.9216 

.826718-06 

3838. 

.0574 

1064.44 

.5068407 

.9308-01 

-.1168-01 

10.59 

10 

.0000 

.000008400 

0. 

.0000 

.00 

.0008400 

.1008401 

.0008400 

.00 

BUPNINQ  RXTB  PARAKBTBR 
DRAG  PARAKBTBR 


OXZDIZBR 

.000725 

.04 


FOBL  TOTAL  COXBUST. 
.007742  .014407  .033057 

,13  ,17 


SCRIPT  J  .31069B-00 

OINTBORATION  STBPa  .1094 
DATA  FOR  ODB/ODK  SAVBD  ON  tTNIT  15 


OOOB4.00 

.460B«05 
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N  VAPORIZED 

.80 


Case  3 


D(FRnCTIQN  VflP0RIZED)/DX 


0  =  0XID 
=  FUEL 
X  =  T0TR 

IZER 

L 

1 
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A50.DAT 


Thu  Aug  05  11:15:12  1993 


1 


$  INPUT 

PCRIT=  1470,  1696, 

NAMES='N204' ,  ' AEROZINE  50' , 

NPRES=  3, 

NSP=12, 

SPNAME=  '  H','  H2','  H20' , '  N2 ' , '  CO','  C02', 

'  HO','  02','  NO','  O','  CH4','  H3N' , 

WM(1)=  1.00,  2,00,  18.00,  28.00,  28.00,  44.00,  17.00,  32.00,  30.00,  16.00,  16.00,  17.00, 

EPSI(1,1)=  37.000,  59.700,809.000,  71.400,  91.700,195.000,  79.800,106.700,116.700,106.700,148.600,558.000, 

SIGMA(1,1)=  2.7100,  2.8300,  2.6400,  3.8000,  3.6900,  3.9400,  3.1500,  3.4700,  3.4900,  3.0500,  3.7600,  2.9000, 

SIGOF=  3.9690,  4.2460,  w™OL=  46.0000,  42.0000, 

PRSS=  100.000,  300.000,  1000.000,  EPSOF=  331.900,  467.400, 

NR=  9, 


R(l)  = 

15.000, 

10.000,  5.000, 

2.000, 

1.000,  0.500, 

0.200, 

0.100, 

0.066, 

YSP(1,  1,1)= 

0.0, 

0.0,  0.0, 

0.0240, 

0.0070, 

YSP{1,  2,1)= 

0.0, 

0.0,  0,0, 

0.0710, 

0.3330,  0.5390, 

0.5810, 

0.5810, 

0.5760, 

YSP(1,  3,1)= 

0.1170, 

0.1670,  0.2760, 

0.3690, 

0.2190,  0.0450, 

0.0120, 

0.0110, 

0.0100, 

YSPd,  4,1)  = 

0.3430, 

0.3450,  0.3430, 

0.3320, 

0.3020,  0.2680, 

0.2800, 

0.2910, 

0.2960, 

YSP{1,  5,1)= 

0.0, 

0.0,  0.0030, 

0.0710, 

0.1280,  0.1430, 

0.0780. 

0.0370, 

0.0240, 

YSP(1,  6,1)= 

0.0290, 

0.0430,  0.0700, 

0.0490, 

0.0140,  0.0040, 

YSPd,  7,1)  = 

0.0, 

0.0,  0.0240, 

0.0440, 

YSP (1 ,  8,1)= 

0.5070, 

0.4400,  0.2540, 

0.0180, 

YSPd,  9,1)  = 

0.0, 

0.0060,  0.0220, 

0.0110, 

YSPd, 10,1)  = 

0.0, 

0.0,  0.0050, 

0.0090, 

YSPd, 11,1)  = 

0.0, 

0.0,  0.0, 

0.0, 

0.0,  0.0, 

0.0470, 

0.0780, 

0.0920, 

YSPd,  1,2)  = 

0.0, 

0.0,  0.0, 

0.0180, 

0.0030, 

YSPd,  2,2)  = 

0.0, 

0.0,  0.0, 

0.0670, 

0.3330,  0.5380, 

0.5460, 

0.5390, 

0.5340, 

YSPd,  3,2)  = 

0.1170, 

0.1670,  0,2790, 

0.3840, 

0.2210,  0.0450, 

0.0140, 

0.0130, 

0.0110, 

YSPd,  4,2)  = 

0.3430, 

0.3450,  0.3410, 

0.3350, 

0.3000,  0.2680, 

0.2870, 

0.3000, 

0.3060, 

YSPd,  5.2)  = 

0.0, 

0,0,  0.0030, 

0.0690, 

0.1280,  0.1430, 

0.0780, 

0.0370, 

0.0240, 

YSPd,  6,2)  = 

0.0290, 

0.0430,  0.0700, 

0.0510, 

0.0140,  0.0, 

0.0010, 

YSPd,  7,2)  = 

0.0, 

0.0,  0.0190, 

0.0420, 

YSPd.  8,2)  = 

0.5070, 

0.4400,  0.2550, 

0.0160, 

YSPd.  9,2)  = 

0.0, 

0.0060,  0.0240, 

0.0110, 

YSPd, 10,2)  = 

0.0, 

0.0,  0.0030, 

0.0070, 

YSPd, 11,2)  = 

0.0, 

0.0,  0.0, 

0.0, 

0.0,  0.0, 

0.0720, 

0.1090, 

0.1250, 

YSPd,  1,3)  = 

0.0, 

0,0,  0.0, 

0.0140, 

0.0020, 

YSPd,  2,3)  = 

0.0, 

0.0,  0.0, 

0.0610, 

0.3350,  0.5300, 

0.4970, 

0.4830, 

0.4750, 

YSPd,  3,3)  = 

0.1170, 

0.1700,  0.2830, 

0.3980, 

0.2210,  0.0490, 

0.0190, 

0.0150, 

0.0120, 

YSPd,  4,3)  = 

0.3430, 

0.3450,  0.3420, 

0.3390, 

0.3020,  0.2690, 

0.2970, 

0.3120, 

0.3180, 

YSPd,  5,3)  = 

0.0, 

0.0,  0.0, 

0.0680, 

0.1290,  0.1400, 

0.0760, 

0.0370, 

0.0250, 

YSPd,  6,3)  = 

0.0290, 

0.0430,  0.0730, 

0.0570, 

0.0140,  0.0040, 

0.0010, 

YSPd,  7,3)  = 

0.0, 

0.0,  0.0160, 

0.0360, 

YSPd,  8.3)  = 

0,5070, 

0.4400,  0.2550, 

0.0110, 

YSPd,  9,3)  = 

0.0, 

0.0060,  0.0240, 

0.0110, 

YSPd, 10,3)  = 

0,0, 

0,0,  0.0, 

0.0050, 

YSPd, 11,3)  = 

0.0, 

0.0,  0,0, 

0.0, 

0.0,  0.0040, 

0.1060, 

,  0.1500, 

,  0.1680, 

YSPd, 12,3)  = 

0.0, 

0.0,  0,0, 

0.0, 

0.0,  0.0, 

0.0010, 

,  0.0010, 

,  0.0010, 

WMTAB(1,1)=  29.3400,28.7700,27.0300, 

22.1100,17.2300,13.6100, 

12.8000, 

,12.7700, 

,12.7700, 

WMrAB(l,2)=  29.3400,28.7700,27,1100, 

22.3400, 

17.2500,13.6300, 

13.1500, 

,13.1600, 

,13.1700, 

WrrAB(l,3)=!  29.3400,28.7700,27,1800,22.5900,17.2700,13.7400,13.6200,13.7600,13.7000, 
•TCKl.De  2355.00,3289.00,4743.00,5630.00,4541.00,2747.00,2099.00,1982.00,1958.00, 
'rel(l,2)=  2485.00,3290.00,4806.00,5841.00,4570.00,2754.00,2230.00,2126.00,2090.00, 
TCI (1,3)=  2486.00,3292.00,4860.00,6064.00,4590.00,2801.00,2392.00,2290.00,2250.00, 
FGAMr(l)=  1.286,  1.264,  1.232,  1.223,  1.258,  1.320,  1.295,  1.278,  1.272, 
Mr=  6, 


TTABd)  = 

540.00.1080.00, 

1980.00, 

3060.00, 

4860.00. 

7020.00, 

VSPd,l)  = 

0.4190, 

0.6580, 

0.9760, 

1.2920, 

1.7140, 

2.2070, 

VSPd,2)  = 

0.5000, 

0.7950, 

1.1790, 

1.5640, 

2.1080. 

2.6720, 

VSPd,3)  = 

0.6140, 

1.2030, 

2.2020, 

3.2520, 

4.6930, 

6.1210, 

VSP (1,4)= 

0.9950, 

1.5980, 

2.3670, 

3.1460, 

4.2420, 

5.3780, 

VSPd,5)  = 

0.9940, 

1.6230, 

2.4160, 

3,2090, 

4,3320, 

5.4930, 

VSPd,6)  = 

0.8510, 

1.5200, 

2.3500, 

3,1490, 

4.2450, 

5,4020, 

VSPd,7)  = 

1.1020, 

1.7810, 

2.6400, 

3,5110, 

4,7370. 

6.0040, 

VSPd,8)s 

1.1560, 

1.9120, 

2.8630, 

3,7960, 

5,1300. 

6.5060, 

VSPd,9)  = 

1.0750, 

1.7950, 

2.6970, 

3.5710, 

4,8330, 

6.1300, 

VSPd,10)  = 

1.0560, 

1.7470, 

2.6160, 

3.4680, 

4,6870. 

5.9440, 

VSPd,U)  = 

0.6280, 

1.0780, 

1.6370, 

2.1770, 

2,9420, 

3.7350, 

VSPd,12)  = 

0.5830, 

1.1730, 

2.0620, 

2.9320, 

4,1090, 

5.2830, 

CPTABd,l)« 

2.500, 

2.500, 

2.500, 

2.500, 

2,500, 

2,500, 

CPTABd,2)  = 

7.000, 

7.050, 

7.350, 

7.990, 

8.620, 

9.110, 

CPTABd,3)  = 

8.080, 

8.730, 

10.220, 

11.750, 

13.200, 

14.010, 

CPTABd,4)» 

7.000, 

7.240, 

8.000, 

8.510, 

8.850, 

8.990, 

CPTAB (1,5)= 

7.000, 

7.300, 

8.100. 

8.600, 

8,910, 

9,050, 

CPTABd,6)  = 

8.940, 

11.350, 

13.290, 

14.340, 

14.830, 

,  15.130, 

CPTAB(1,7)=  7.000,  7.040,  7.460,  8.090,  8.730,  9.100, 

CPTAB(1,8)=  7.070,  7.700,  8.470,  8.890,  9.440,  9.920, 

CPTAB(1,9)=  7.170,  7.500,  8.280,  8.690,  8.970,  9.120, 

CPTAB(1,10)=  5.260,  5.090,  5.020,  5.010,  5.020,  5.120, 

CPTAB(1,11)=  8.570,  12.560,  18.150,  21.700,  24.000,  25.000, 

CPTAB(1,12)=  8.550,  10.720,  14.000,  16.530,  18,430,  19,350, 

NTL=  10,  14,  NTFLM=  7,  6, 

TLI(1,1)=  400.00,  440,00,  480.00,  520.00,  560.00,  600.00,  640.00,  680.00,  720.00,  760.00, 

TLI(1,2)=  500.00,  550.00,  600.00,  650.00,  700.00,  750.00,  800.00,  850.00,  900.00,  950.00,1000.00,1050,00,1080.00,1090.00, 

PV(1,1)=  0.270,  0.850,  3.940,  11,800,  30.000,  80.000,180,000,330.000,660.000,1200.00, 

PV(1,2)=  0.600,  4,400,  10.800,  23.000,  48,000,  92,000,162.000,272.000,420.000,640.000,920.000,1300.00,1580.00,1610.00, 

RHOLtl,l)=  .058000, .055600, .054100, .052700, .050850, .048700, .046300, .043500, .039350, .032400, 

RHOL(l,2)=  .033100, .032100, .031300, .030300, .029400, .028300, ,027200, .025900, .024500 ,. 022900 , .020800, .018500, .016500, .015900, 
CP(1,1)=  0.35000,0.35000,0.35300,0.37200,0.38800,0.41400,0,46400,0.54300,0.70000,0.87000, 

CP (1,2)=  0.68400,0.69600,0.71100,0.72500,0.74100,0.76000,0.77800,0.79800,0.81800,0.83900,0.86100,0.88400,0.89600,0.90300, 

LMJ(1,1)=  435.000,430.000,422.000,412,000,403.000,392.000,379.000,365.000,346.000,315.000, 

tAM(l,2)=  442.000,429.000,414.000,397.000,380.000,361.000,339.000,316.000.289.000,257.000,219.000,163.000,107.000,  69.000, 

TFIIAI(1,1)=  400.00,  600.00,1000.00,1600.00,2400.00,3200.00,4000.00, 

TFIU4(1,2)=  400.00,  800.00,1200.00,2000.00,2800.00,4000.00, 

W1S(1,1)=  0.62400,0.92000,1.57000,2.34000,3.21000,3.91000,4.57000, 

WIS(1,2)=  0.33400,0.58400,0.80000,1.33000,1.75000,2.25000, 


KVAP  d , 1 )  = 

0.094, 

0.224, 

0.485, 

0.875, 

1.390, 

1.910, 

2.440 

KVAPd,2)  = 

0.100, 

0.210, 

0.584, 

1.180, 

1.620, 

2.050. 

CPVAPd,  1)  = 

0.231, 

0.238, 

0.253, 

0.269, 

0.286, 

0.297, 

0.300 

CPVAP  d , 2 )  = 

0.450, 

0.560, 

0.655, 

0.798, 

0.853, 

0.876, 

$ENO 
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F-l.RPl 


$  INPUT 

PCRITd)*  730.6,  315.0, 

PLAMEF-  2,  TFLAME=6458 . , 

NAMESa'LOX' , 'RP-1' , 

NSP>  6, 


SPNAMEa  '  CH4',' 

CO' . ' 

C02 ' , ' 

H2'  , ' 

H20' , » 

02' 

VMd)-  16.04, 

28.01, 

44.01, 

2.02, 

18.02, 

32.00 

EPSId,l)«  148.600, 

91.700, 

195.200, 

59.700, 

809.100, 

106.70 

SlGMAd,l)s  3.7580, 

3.6900, 

3.9410, 

2.8270, 

2.6410, 

3.47 

SIGOPa  3.4670,  7.5620,  vmJOL*  32.0000,  172.000, 

EPSOPs  106.700,  521.000, 

NPRESa  3, 

PRSSa  500.000,  1000.000,  1500.000, 

NRa  13, 

R(l)*  0,30,  0.60,  0.80,  1.00,  1.20,  1.50,  2.00.  2,50,  3.00, 

3.50,  4.00,  7.00,  15.0, 

YSP{1,1,1)«  0.59,  0.30,  0,17,  0.07,  0.00,  0.00,  0.00.  0.00,  0,00, 

0.00,  0.00,  0.00,  0.00, 

YSP(1,2,1)-  0.33,  0.46,  0.49,  0.51,  0.50,  0.48,  0.43,  0.32,  0.26, 
0.21,  0.16,  0.04,  0.00, 

YSP(1,3,1)«  0.01,  0.00,  0.00,  0.00,  0.01,  0.03,  0.08,  0.19,  0.17, 
0.20,  0.22,  0.23,  0.14, 

YSP(1,4,1)»  0.07.  0.24,  0.33.  0.42,  0.47,  0.36,  0.19,  0.08,  0.07, 
0.04,  0.03,  0.00,  0.00, 

YSP(1,5,1)*  0.00,  0.00,  0.00,  0.00,  0.02,  0.13,  0.30,  0.41,  0.31, 
0.30,  0.29,  0.23,  0.14. 

YSP(l,6,l}a  0.00,  0.00,  0.00,  0.00,  0.00,  0.00,  0.00,  0.00,  0.19, 
0.25,  0.30,  0.50,  0.72, 

YSP(1,1.2)«  0.60,  0.31,  0.20,  0.00,  0.00,  0.00,  0.00,  0.00,  0.00, 

0.00,  0.00,  0.00,  0.00, 

YSP(1,2,2}-  0.32,  0.47.  0.50,  0.51,  0.50,  0.48,  0.43,  0.32,  0.26, 
0.20,  0.15,  0.03,  0.00, 

YSP(1,3,2)«  0.02,  0.00,  0.00,  0.00,  0.01,  0.03,  0.08,  0.19,  0.18, 
0.21,  0.23,  0.24,  0.14, 

YSP(l,4,2)a  0.06,  0.22,  0.30,  0.41,  0.47,  0.36,  0.19.  0.08,  0.05, 
0.04.  0.02,  0.00,  0.00, 

YSP(1.5,2)-  0.00,  0.00,  0.00,  0.00,  0.02,  0.13,  0.30,  0.32,  0.32, 
0.31,  0.30,  0.23,  0.14, 

Y8P(1.6,2)«  0.00,  0.00,  0.00,  0.00,  0.00.  0.00,  0.00,  0.00,  0.19, 
0.24,  0.30.  0.50,  0.72, 

ySP(1.1.3)«  0.60.  0.33,  0.21.  0.08.  0.01,  0.00,  0.00,  0.00,  0.00, 

0.00,  0.00,  0.00,  0.00, 

YSP(l,2,3)a  0.32,  0.47,  0.50,  0.51.  0.50,  0.48,  0.43,  0.32,  0.25, 
0.20,  0.15,  0.03,  0.00. 

YSP(1.3,3)a  0.02,  0.00,  0.00,  0.00,  0.01,  0.03,  0.08,  0.19,  0.19, 
0.22,  0.24,  0.24,  0.14, 

YSP(1,4,3)«  0.06.  0.20,  0.29,  0.41,  0.46,  0.36,  0.19,  0.08,  0.05, 
0.03.  0.02,  0.00,  0.00, 

YSPtl,5,3)a  0.00,  0.00,  0.00,  0.00,  0.02,  0.13,  0.30,  0.41,  0.33, 
0.31,  0.30,  0.23,  0.14, 

YSPa.6,3)-  0.00,  0.00,  0.00,  0.00,  0.00,  0.00,  0.00,  0.00,  0.16, 
0.24,  0.29,  0.50.  0.72, 

WlfTABd,!)*  24.7,  19.7,  17.8,  16,3,  15.6,  17.7,  20.7,  22,9,  24,5, 
25.6,  26.6,  30.0,  31.7, 

wlfrABd,2)«  25.1,  20.0,  18.1,  16.4,  15.7,  17.7,  21.3,  23.1,  24,7, 
25.9,  26.9,  30.1,  31.8, 

WHrABd,3)«  25.2,  20.2,  18.2,  16,4,  15.8,  17.7,  21,3,  23,2,  24,8, 
26.1,  27.0,  30.3,  31.8, 

TCld,l)«  1910,  2465,  2733,  2894,  3190,  4539,  5952,  6417,  6486, 
6444,  6365,  5729,  3923, 

TCld,2)-  1948,  2531,  2809,  2931,  3213,  4548,  6048.  6592,  6679, 
6635,  6548,  5842,  3928, 

TCld,3)-  1971,  2569,  2851,  2961,  3239,  4552,  6098,  6694,  6794. 
6750,  6657,  5906.  3930, 

FGANTd)-  1.12,  1.16,  1.18,  1.25,  1.30,  1.25,  1.22,  1.21,  1.21, 
1.21,  1.20,  1.21,  1.24, 

NT*  6, 

TTABd)-  540.00,1080.00,1960.00,3060.00.4860.00,7020.00, 


VSP(1,1}« 

0.6277. 

1.0780, 

1.6370,  2.1770,  2.9420. 

3.7350, 

VSPd,2}- 

0.9939, 

1.6230, 

2.4160,  3.2090,  4.3320, 

5.4930. 

VSPd.3}* 

0.8512, 

1.5200, 

2.3500,  3.1490,  4.2450. 

5.4020. 

VSPd,4)a 

0.4194, 

0.6580, 

0.9755,  1.2918,  1.7409, 

2.2070, 

VSPd.5)» 

0.4995, 

0.7952, 

1.1790,  1.5634,  2.1077, 

2.6716 

VSPd,6)« 

0.6137, 

1.2033, 

2.2018,  3.2518.  4.6926. 

6.1211 

CPTABd.Da 

8.535 

12.484, 

18.052,  21.580,  23.895, 

24.855 

CPTABd,2)« 

6.965 

7.275. 

8.056,  8.533,  8.837, 

8.986 

CPTABd.3)« 

8.863 

11.266, 

13.201,  14.145,  14.732, 

15.022 

CPTA8 (1,4)* 

4.968 

4.968, 

4.968,  4.968,  4.968, 

4.968 

CPTABd,5)« 

6.995 

7.009, 

7.307,  7.907,  8.637, 

9.125 

CPTAB (1,6)* 

8.028 

8.680, 

10.163,  11.699,  13.122, 

13.933 

OTL.  0,  10,  irrPLM.  0 

.  6, 

TLId,2}a 

460.00, 

530.00, 

560.00.  660.00,  760.00, 

860.00, 

960.00, 

1060.00,1160.00,1218.00, 

PVd.2)* 

0.002, 

0.003, 

0.010,  0.210,  2.100, 

11.000, 

36.000, 

100.000, 

220.000,315.000, 

RHOLd,2}* 

.029740, 

.028870, 

.028410,  .027200. .025640, 

.023900, 

.022000, 

.019560, 

.015740,  .009840, 

CPd,2)* 

0.43500, 

0.47000. 

0.48500,0.54000,0.59000, 

0.64700, 

0.70000, 

0.77500,0.86000,0.90100, 

LM4d,2)- 

144.300, 

139.200, 

137.000,128.900,120.000, 

109.800, 

97.770, 

82.660, 

60.740,  00.100, 

TPZU(d,2)- 

360.00, 

540.00, 

720.00,  900.00,1080.00, 

1260.00, 

W1S(1,2)« 

0.15700, 

0.24600, 

0.33600,0.42000,0.48200, 

0.53800, 

KVAPd,2)- 

0.126, 

0.174, 

0.278,  0.394,  0.498, 

0.607, 

CPVAP (1,2)- 

0.275, 

0.380, 

0.470,  0.562,  0.650, 

0.725. 

SEND 
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JP4  .  DAT 


$  INPUT 

PCRIT=  100,  315, 

FIiAMEF=  .TRUE.,  TFLAME=4235, 

NAMES='AIR',  'JP4', 

NSP=  6, 

SPNAMEs  '  C02','  CO',*  N2','  H20»,'  02','  B2' 

WM(l)s  44.01,  28.01,  28.02,  18.02,  32.00,  2.02, 

EPSI(l,l)s  195.200,  91.700,  71.400,809.100,106.700,  59.700, 

SIGMA{1,1)=  3.9410,  3.6900,  3.7980,  2.6410,  3.4670,  2.8270, 

SIOOFs  3.5000,  7.5620,  WTMOLs  28.5000,  172.000, 

BPSOFs  300.000,  521.000, 

NPRESs  1, 

PRSSs  29.400, 

NR=13, 

H(l)=  500.000,350.000,250.000,167.000,100.000,  65.000,  46.800,  32.600,  24.400,  16.280,  14.650,  13.000,  10.600, 

YSPd,  1,1)=  0.0044,  0.0062,  0.0086,  0.0126,  0.0208,  0.0317,  0.0419,  0.0620,  0.0819,  0.1161,  0.1184,  0.1029,  0.0670, 

YSP(1,  2,1)=  0.0,  0.0,  0.0,  0.0,  0.0,  0.0,  0.0,  0.0,  0.0,  0.0037,  0.0316,  0.0415,  0.0995, 

YSP(1,  3,1)=  0.7886,  0,7879,  0.7870,  0.7855,  0.7820,  0.7782,  0.7742,  0.7665,  0.7588,  0.7419,  0.7328,  0.7141,  0.6717, 

YSP{1,  4,1)=  0.0040,  0.0057,  0.0080,  0.0120,  0.0199,  0.0305,  0.0404,  0.0599,  0.0794,  0.1166,  0.1261,  0.1307,  0.1231, 

YSP(1,  5,1)=  0.2029,  0.2001,  0.1964,  0.1699,  0.1769,  0.1596,  0.1434,  0.1115,  0.0799,  0.0204,  0.0065,  0.0006, 


YSP(1,  6,1) 

=  0.0, 

0.0, 

0.0, 

0.0, 

0.0,  0.0,  0.0,  0.0,  0.0,  0.0008,  0.0025,  0.0099,  0.0384 

nHTAB(l,l)= 

28.9640, 

28.9640, 

28.9640, 

28.9630, 

28.9620,28.9610,28.9600,28.9580,28.9550,28.8650,28.6950,28.1890,26.9440 

TC1(1,1)= 

691.00, 

756.00, 

842.00, 

990.00, 

1274.00,1634.00,1954.00,2543.00,3083.00,3970.00,4136.00,4091.00,3731.00 

POAMT(l)s 
NT=  5, 

1.395, 

1.392, 

1.387, 

1.377, 

1.357,  1.332,  1.315,  1.289,  1.268,  1.208,  1.183,  1.223,  1.259 

TTAB(1)= 

540.00, 

1080.00, 

1980.00, 

3060.00, 

4320.00, 

VSP(1,1)  = 

0.8510, 

1.5200, 

2.3500, 

3.1490, 

3.9356, 

VSP(1,2)= 

0.9940, 

1.6200, 

2.4200, 

3.2100, 

4.0151, 

VSP{1,3)= 

0.9950, 

1.5950, 

2.3700, 

3.1400, 

3.9323, 

VSP{1,4)8 

0.6140, 

1.2000, 

2.2000, 

3.2500, 

4.2913, 

VSP(1,5)= 

1.1600, 

1.9100, 

2.8600, 

3.8000, 

4.7533, 

VSP(1,6)= 

0.4996, 

0.7953, 

1.1789, 

1.5637, 

1.9541, 

CPTAB(1,1)= 

8.660, 

11.270, 

13.200, 

14.100, 

14.612, 

CPTAB(1,2)= 

6.970, 

7.280, 

8.060, 

8.530, 

8.776, 

CPTAB(l,3)s 

6.940, 

7.150, 

7.900, 

8.400, 

8.722, 

CPTAB<1,4)= 

8.030, 

8.680, 

10.160, 

11.700, 

12.804, 

CPTAB(1,5)= 

7.020, 

7.670, 

8.440, 

8.850, 

9.235, 

CPTABd,  6)s 
NTL=  11, 

6.955,  7.009, 

11,  NTFLMs  8 

7.307, 
,  8, 

7.907, 

8.460, 

TLI(1,2)= 

460.00, 

560.00, 

660.00, 

760.00, 

860.00,  960.00, 1060.00,1160.00,1260.00, 1360.00,1460.00, 

PVd,2)  = 

0.001, 

0.038, 

0.465, 

2.942, 

12.112,  37.136,  92.165,195.560,368.240,631.770,1006.70, 

REOLd,2)  = 

.029981, 

.028801, 

.027550, 

.026229, 

.024837, .023375, .021842, .020238, .018564, .016819, .015003, 

CP(l,2}s  0.41480,0.46780,0.52080,0.57380,0.62680,0.67980,0.73280,0.78580,0.63880,0.89180,0.94480, 
LAM(1,2)=  148.120,146.170,140.810,132.030,119.830,104.210,  85.164,  62.702,  36.820,  7.518, 

TFILH(1,2)=  460.00,  660.00,  860.00,1060.00,1260.00,1460.00,2460.00,3460.00, 

WI8(l,2)s  0.38400,0.46400,0.54400,0.62400,0.70400,0.78400,1.18400,1.58400, 

RVAP(1,2)8  0.092,  0.213,  0.333,  0.454,  0.574,  0.694,  1.296,  1.698, 

CPVAP(l,2)a  0.297,  0.420,  0.531,  0.630,  0.717,  0.792,  0.981,  0.864, 

OENU 
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METHANE .  MID 

$ INPUT 

PCRIT=  731,  667, 

PLAMEP=  1,  TPLXME=6480, 

NAMES='LOX', 'METHANB', 

NSP=  5, 


SPNAME=  • 

CH4',  '  CO',  * 

C02', * 

H2',  ' 

H20', 

WM(1)= 

16.04,  28.01, 

44.01, 

2.02, 

18.02, 

EPSI(l,l)s 

148.600,  91.700, 

195.200, 

59 

.700, 

809.100, 

SIGMAd,  l)s: 

3.7580,  3.6900, 

3 

.9410, 

2. 

8270, 

2.6410, 

SIGOF=  3.4670,  3.4670,  WTKOLs 

32.0000,  16. 

0400, 

EPSOP=  106. 

700,  148.600, 

NPRESa  3, 

PRSS=  500. 

000,  1000.000,  1500.000, 

NR=  7, 

R(l)  = 

0.30,  0.60,  0.80, 

1.00 

,  1.20,  1, 

.50 

,  2.00, 

YSP{1,  1,1) 

3 

0.72,  0.37,  0.22, 

0.12 

.  0.05,  0. 

.00 

.  0.00, 

YSP(1,  2,1) 

S 

0.03,  0.16,  0.22, 

0.26 

,  0.29,  0. 

.31 

*  0.29, 

Y3P(1,  3,1) 

S 

0.06,  0.05,  0.04, 

0.03 

,  0.03,  0. 

.03 

,  0.04, 

YSP(1,  4,1) 

3 

0.11,  0.33,  0.43, 

0.50 

,  0.54,  0. 

.52 

,  0.37, 

YSP(1,  5,1) 

3 

0.08,  0.09,  0.09, 

0.09, 

,  0.09,  0. 

.14 

,  0.30, 

YSP(1,  1,2) 

3 

0.73,  0.40,  0.25, 

0.13, 

,  0.06,  0. 

.00 

,  0.00, 

YSP(1,  2,2) 

3 

0.03,  0.15,  0.21, 

0.26 

,  0.29,  0. 

31 

>  0.29, 

YSP(1,  3,2) 

S 

0.06,  0.05,  0.04, 

0.03 

,  0.03,  0. 

03 

,  0.04, 

YSP(1,  4,2) 

3 

0.09,  0.30,  0.40, 

0.48, 

,  0.52,  0. 

52 

,  0.37, 

YSP(1,  5,2) 

3 

0.09,  0.10,  0.10, 

0.10, 

,  0.10,  0. 

14 

,  0.30, 

YSP(1,  1,3) 

3 

0.75,  0.40,  0.25, 

0.15, 

,  0.07,  0. 

.00 

,  0.00, 

YSP(1,  2,3) 

3 

0.02,  0.15,  0.21, 

0.25, 

,  0.28,  0. 

31 

,  0.30, 

YSP(1,  3,3) 

3 

0.06,  0.05,  0.04, 

0.03, 

,  0.03,  0. 

.03 

,  0.04, 

YSP(1,  4,3) 

3 

0.08,  0.29,  0.39, 

0.46, 

,  0.51,  0. 

.52 

,  0.36, 

YSP(1,  5,3) 

3 

0.09,  0.11,  0.11, 

0.11, 

,  0.11,  0. 

.14 

,  0.30, 

WMTABU/D- 

16.8,  14.9,  14.0, 

13.3, 

,  12.8,  13.4 

,  16.0, 

WMTAB(1,2)3 

17.0,  15.2,  14.3, 

13.6, 

,  13.1,  13.4 

,  16.0, 

WMTAB(1,3)= 

17.1,  15.4,  14.4, 

13.7, 

,  13.3,  13.4 

,  16.0, 

TC1(1,1)  = 

1603,  1946,  2079, 

2197, 

,  2336,  3000 

,  4588, 

TC1<1,2)= 

1639,  2023,  2171, 

2300, 

,  2444,  3008 

,  4598, 

TC1{1,3)= 

1659,  2069,  2227, 

2364, 

,  2512,  3020 

,  4603, 

FGAMT ( 1 ) s 
NT=  6, 

1.13,  1.15,  1.16, 

1.18, 

,  1.20,  1. 

28 

,  1.23, 

TTAB (1)3 

540.00, 1080.00,1980.00, 

,3060.00,4860.00,7020.00, 

VflP(l,l)s 

0.6277,  1.0780,  1. 

6370, 

2.1770, 

2. 

9420,  3. 

7350, 

VSP(1,2)3 

0.9939,  1.6320,  2. 

4160, 

3.2090, 

4. 

3320,  5. 

4930, 

VSP(l,3)s 

0.8512,  1.5200,  2. 

3500, 

3.1490, 

4. 

2450,  5. 

4020, 

VSP(l,4)s 

0.4194,  0.6580,  0. 

9755, 

1.2918, 

1. 

7409,  2. 

2070, 

VSP(l,5)s 

0.4995,  0.7952,  1. 

1790, 

1.5634, 

2. 

1077,  2. 

6716, 

VSP(1, 6)3 

0.6137,  1.2033,  2. 

2018, 

3.2518, 

4. 

6926,  6. 

1211, 

VSP(1,7)= 

1.0561,  1.7466,  2. 

6156, 

3.4679, 

4. 

6870,  5- 

9441, 

vsp(i,a)s 

1.1558,  1.9118,  2. 

8626, 

3.7955, 

5, 

1299,  6. 

5058, 

V5P(1, 9)s 

1.1065,  1.7607,  2. 

6403, 

3.5110, 

4. 

7368,  6. 

0046, 

CPTAB(1,1)3 

8.535,  12.464,  18 

.052, 

21.580, 

23 

.895,  24 

.855, 

CPTAB(l,2)e 

6.965,  7.275,  8 

.056, 

8.533, 

8 

.837,  8 

.986, 

CPTABd,  3)s 

6.863,  11.266,  13 

.201, 

14.145, 

14 

.732,  15 

.022, 

CPTABd,4)3 

4.968,  4.968,  4 

.968, 

4.968, 

4 

.968,  4 

.968, 

CPTABd, 5)3 

6.995,  7.009,  7 

.307, 

7,907, 

8 

.637,  9 

.125, 

CPTABd, 6)3 

8.028,  8.680,  10 

.163, 

11.699, 

13 

.122,  13 

.933, 

CPTABd, 7)3 

5.234,  5.050,  4 

.  994, 

4.980, 

4 

.990,  5 

.081, 

CPTABd,  8)  3 

7.023,  7,671,  8 

.438, 

8.853, 

9 

.368,  9 

.859, 

CPTABd,  9)s 

6.965,  7,003,  7 

.422, 

8.046, 

8 

.666,  9 

.038, 

NTLs  1, 

s. 

NTFLK=  1, 

6, 

TLId,2)s 

164.00,  190.00,  215.00, 

,  240.00, 

265.00,  290.00,  315.00, 

343.00, 

PVd,2)s 

1.703,  8.495,  26 

.406, 

64.195,131 

.769,239 

.900,400,575, 

667.003, 

RE0Ld,2)3 

016314, .015591, .014659. 

.  .014056, . 

013150, .012082, .010686, 

005796, 

CPd,2)  = 

0 

.786,  0.820,  0.852, 

0.890,  0 

.960,  1.079,  1.399, 

6 

.085, 

LAMd,2)3 

233.84,  224.64,  213 

.65, 

199.80,  181 

.82,  157 

.69,  123.43, 

1.00, 

TFILMd,2)3 

180.00,  300, 

500, 

1000, 

2500, 

5000,  6400, 

WISd,2)s 

.0217,  .3626, 

5840, 

1.011, 

1 

.888,  2 

.960,  3.467, 

KVAPd,2)s 

0.127,  0.231,  0 

.426, 

1.036, 

3 

.257,  6 

,377,  7,847, 

CPVAPd,2)s 

0.405,  0.441,  0 

.514, 

0.740, 

1 

.272,  1 

.606,  1.667, 

$END 
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MMH«DAT 


Fri  Aug  06  11:45:35  1993 


1 


S INPUT 

PCRIT=1470,  1195, 

NAMES='N204' ,  'MMH', 

NPRES=  3, 

NSP=12, 

SEtJAMB=  '  H'.'  H2','  H20' ,  '  N2','  CO','  C02', 

'  HO','  02','  NO','  O','  CH4','  H3N' 

WM(1)=  1.00,  2.00,  18.00,  28.00,  28.00,  44.00,  17.00,  32.00,  30.00,  16.00,  16.00,  17.00, 

EPSI(l,l)s  37.000,  59.700,809.000,  71.400,  91.700,195.000,  79.800,106.700,116.700,106.700,148.600,558.000, 

SIGMA(l,l)s  2.7100,  2.8300,  2.6400,  3.8000,  3.6900,  3,9400,  3.1500,  3.4700,  3.4900,  3.0500,  3.7600,  2.9000, 

SIGOPs  3.9690,  4.2460,  WTMOL=  46.0000,  42.0000, 


PRSS=  50.000, 

500.000 

1,  300C 

1.000, 

EPSOF=  331.900, 

467.400, 

NRs  10, 

R(l)=  0.500, 

1.000, 

1.500, 

2.000, 

2.300, 

2.800, 

3.300, 

4.000, 

6.000, 

10.000, 

YSPd,  1,1)=  0.0, 

0.0040, 

0.0270, 

0.0320, 

0.0270, 

0.0180, 

0.0117, 

0.0061, 

0.0007, 

0.0000, 

YSP(1,  2,1)=  0.5630, 

0.3740, 

0.1960, 

0.0950, 

0.0640, 

0.0370, 

0.0223, 

0.0117, 

0.0019, 

0.0000, 

YSPd,  3,1)=  0.0040, 

0.1680, 

0.2940, 

0.3400, 

0.3430, 

0.3350, 

0.3205, 

0.2991, 

0.2447, 

0.3350, 

YSPd,  4,1)=  0.2400, 

0.2720, 

0.2970, 

0.3100, 

0.3140, 

0.3190, 

0.3223, 

0.3263, 

0.3339, 

0.3393, 

YSPd,  5,1)=  0.1870, 

0.1680, 

0.1400, 

0.1050, 

0.0860, 

0.0610, 

0.0420, 

0.0242, 

0.0039, 

0.0000, 

YSPd,  6,1)=  0.0010, 

0.0130, 

0.0300, 

0.0520, 

0.0630, 

0.0760, 

0.0836, 

0.0884, 

0.0820, 

0.0570, 

YSPd,  7,1)=  0.0, 

0.0, 

0.0130, 

0.0400, 

0.0500, 

0.0570, 

0.0559, 

0.0478, 

0.0212, 

0.0019, 

YSPd,  8,1)=  0.0, 

0.0, 

0.0010, 

0.0120, 

0.0280, 

0.0630, 

0.1024, 

0.1576, 

0.2864, 

0.4247, 

YSPd,  9,1)=  0.0, 

0.0001, 

0.0001, 

0.0060, 

0.0120, 

0.0170, 

0.0215, 

0.0235, 

0.0199, 

0.0067, 

YSPd, 10,1)=  0.0, 

0.0. 

0.0010, 

0.0080, 

0.0130, 

0.0170, 

0.0178, 

0.0153, 

0.0053, 

0.0002, 

YSPd,ll,l)=  0.0050, 
YSPd,  1,2)=  0.0, 

0.0010, 

0.0130, 

0.0180, 

0.0150, 

0-0100, 

0.0056, 

0.0025, 

0-0002, 

0.0000, 

YSPd,  2,2)*  0.5370, 

0.3750, 

0.2000, 

0.0880, 

0.0550, 

0.0280, 

0.0152, 

0.0070. 

0.0008, 

0.0000, 

YSPd,  3,2)=  0.0180, 

0.1690, 

0.3060. 

0.3670, 

0.3720, 

0.3600, 

0.3412, 

0.3146, 

0.2507. 

0.1706, 

YSPd,  4,2)=  0.2470, 

0.2730, 

0.3010, 

0.3160, 

0.3200, 

0.3240, 

0.3261, 

0.3287, 

0.3346, 

0.3393, 

YSPd,  5,2)=  0.1760, 

0.1680, 

0.1420, 

0.1040, 

0.0810, 

0.0520, 

0.0323, 

0.0160. 

0.0017, 

0.0000, 

YSPd,  6,2)=  0.0030, 

0.0130, 

0.0300, 

0.0560, 

0.0710, 

0.0870, 

0.0957, 

0.0983. 

0.0846. 

0.0570, 

YSPd,  7,2)=  0.0, 

0,0, 

0.0070, 

0.0320, 

0.0440, 

0.0510, 

0.0493, 

0.0398. 

0.0146, 

0.0011, 

YSPd,  8,2)=  0.0, 

0.0, 

0.0, 

0.0070, 

0.0200, 

0.0550, 

0.0968, 

0.1553. 

0.2882. 

0.4250, 

YSPd,  9,2)=  0.0, 

0.0, 

O.OOlO, 

0.0080, 

0.0140, 

0.0220, 

0.0267, 

0.0288, 

0.0221, 

0.0067, 

YSPd, 10,2)=  0.0, 

0.0, 

0.0, 

0.0040, 

0.0070, 

0.0110, 

0.0108, 

0.0086. 

0.0022, 

0.0001, 

YSPd, 11,2)=  0.0200, 
YSPd, 12,2)=  0.0010, 
YSPd,  1.3)=  0.0, 

0.0010, 

0.0070, 

0.0110, 

0.0090, 

0.0050, 

0.0028, 

O.OOll. 

0.0001, 

0.0000, 

YSPd,  2,3)=  0.5380, 

0.3760, 

0.2010, 

0.0820, 

0.0460, 

0.0210, 

0-0101, 

0.0041 . 

0.0004, 

0.0000, 

YSPd,  3,3)=  0.0380, 

0.1690, 

0.3120, 

0.3880, 

0.3950, 

0.3800, 

0.3565, 

0.3253. 

0.2540, 

0.1708, 

YSPd,  4,3)=  0,2580, 

0.2730, 

0.3030, 

0.3210, 

0.3260, 

0.3280, 

0.3288, 

0.3302, 

0.3348, 

0.3393, 

YSPd,  5,3)=  0,1600, 

0.1680, 

0.1430, 

0.1020, 

0.0750, 

0.0430, 

0.0236, 

O.OIOI, 

0.0008. 

0.0000, 

YSPd,  6,3)=  0.0040, 

0.0130, 

0.0300, 

0.0610, 

0.0800, 

0.1000, 

0.1061, 

0.1053. 

0.0857. 

0.0571, 

YSPd,  7,3)=  0.0, 

0.0, 

0.0040, 

0.0240, 

0.0360, 

0.0440, 

0.0418, 

0.0319. 

0.0102, 

0.0007, 

YSPd,  8,3).  0,0, 

0.0, 

0.0, 

0.0040, 

0.0140, 

0.0490, 

0.0925, 

0.1540, 

0.2891, 

0.4250, 

YSPd,  9,3)*  0.0, 

0.0, 

0.0, 

0.0050, 

0.0150, 

0.0230, 

0.0304, 

0.0324, 

0.0232, 

0.0068, 

YSPd, 10, 3)*  0.0, 

0.0, 

0.0, 

0.0020, 

0.0040, 

0.0070, 

0.0067, 

0.0049. 

0.0010. 

0.0000, 

YSPd,12,3)»  0,0020, 
WMTABd,!)*  13,2800, 

16.7200, 

19.5800, 

21.6600, 

22.6100, 

23.8800, 

24.8740, 

25.9350. 

27.6950,28.9070, 

WNTABd,2)*  13,6900, 

16.7400, 

19.8100, 

22.1100, 

23.1200, 

24.4000, 

25.3550, 

26.3280. 

27.8420, 

28.9160, 

WMTABd, 3)*  14.3000, 

16.7500, 

19.9200, 

22.4300, 

23.5200,24.8000, 

25.7020, 

26.5820. 

27.9140, 

28.9220, 

TCld,l)s  2386,00, 

4224.00, 

5215.00, 

5513.00, 

5529.00, 

5463.00, 

5351.00, 

5168.00. 

4587.00, 

3515.00, 

TCld,2)=  2569,00, 

4255.00.5456.00, 

5940.00, 

5983.00, 

5893.00, 

5729.00, 

5467.00, 

4700.00. 

3522.00, 

TCld,3)=  2819.00, 

4265,00, 

5572.00, 

6239.00,6325.00, 

6211.00, 

5996.00,5657.00. 

4754  .00. 

3525.00, 

PGAMTd)*  1.258, 

1.258, 

1.188, 

1.144, 

1.136, 

1.135, 

1.138, 

1.146. 

1.181, 

1.239, 

NT=  6, 

TTAB(1)=  540.00,1080.00,1980,00,3060.00,4860.00,7020,00, 
VSPU,1)=  0-4190,  0.6580,  0.9760,  1.2920,  1,7140,  2.2070, 
VSP(1,2)=  0.5000,  0,7950,  1.1790,  1.5640,  2.1080,  2,6720, 
VSP(1,3)=  0.6140,  1.2030,  2,2020,  3.2520,  4.6930,  6.1210, 
VSP(1,4)=  0.9950,  1.5980,  2,3670,  3.1460,  4,2420,  5,3780, 
VSP(1,5}=  0.9940,  1.6230,  2.4160,  3.2090,  4.3320,  5.4930, 
VSP(1,6)«  0.8510,  1.5200,  2.3500,  3,1490,  4,2450,  5.4020, 
VSP(1,7)=  1.1020,  1.7810,  2,6400,  3.5110,  4,7370,  6.0040, 
VSP(1,8)*  1.1560,  1,9120,  2.8630,  3.7960,  5,1300,  6,5060, 
VSP(1,9)=  1.0750,  1.7950,  2.6970,  3.5710,  4,8330,  6,1300, 
VSP(1,10)=  1,0560,  1.7470,  2.6160,  3.4680,  4.6870,  5.9440, 


VSPd,ll)  = 

0.6280, 

1.0780, 

1.6370, 

2.1770, 

2.9420, 

3.7350, 

VSPd,12)  = 

0.5830, 

1.1730, 

2.0620, 

2.9320, 

4.1090, 

5.2830, 

CPTAB (1 , 1 ) = 

2.500, 

2.500, 

2.500, 

2.500, 

2.500, 

2.500, 

CPTABd,2)  = 

7.000, 

7.050, 

7.350, 

7.990, 

8.620, 

9,110, 

CPTAB (1,3)= 

8.080, 

8.730, 

10.220, 

11.750, 

13.200, 

14.010, 

CPTAB(1,4)= 

7.000, 

7.240, 

8.000, 

8.510, 

8.850, 

8,990, 

CPTABd,5)  = 

7.000, 

7.300, 

8.100, 

8.600, 

8.910, 

9.050, 

CPTAB(1,6)= 

8.940, 

11.350, 

13.290, 

14.340, 

14.830, 

15.130, 

CPTAB(l,7)s 

7.000, 

7.040, 

7.460, 

8.090, 

8.730, 

9.100, 

CPTAB(l,8)s 

7.070, 

7.700, 

8.470, 

8.890, 

9.440, 

9.920, 

CPTAB(1.9)= 

7.170, 

7.500, 

8.280, 

8.690, 

8.970, 

9.120, 

CPTAB(1,10)= 

5.260, 

5.090, 

5.020, 

5.010, 

5.020, 

5.120, 

CPTABd,ll)  = 

8.570, 

12.560, 

18.150, 

21.700, 

24.000, 

25.000, 

CPTABd,12)* 
NTL=  10,  12 

8.550,  10.720, 
!,  NTFLM*  7, 

14.000, 

.  6, 

16.530, 

18.430, 

19,350, 

TLI (1,1)= 

400.00, 

440.00, 

480.00, 

520.00, 

560.00, 

600.00,  640.00,  680.00.  720.00.  760.00, 

TLI(1,2)= 

500.00, 

550.00, 

600.00, 

650.00, 

700.00, 

750.00,  800.00,  850.00.  400  00.  950.00,1000.00,1050.00 

PV(1,1)= 

0.270, 

0.850, 

3.940, 

11.800, 

30.000, 

80.000,180,000,330.000  660,000. 1200.00, 

PVd,2)  = 

0.280, 

1.420, 

4.930, 

13.300, 

29.700, 

57.900,101.500,164 .000.249 .000.357.000,491.000,651.000 

RHOL(l,l)=  . 

058000, 

.055600, 

.054100, 

.052700, 

.050850, 

.048700, .046300, .043500. .0}9)50. .032400, 

RH0L(1,2)=  . 

032100, 

.031100, 

.030300, 

.029200, 

.028200, 

.027400, .026400. ,024900. .02)500. .021700, .019500, .016200 

CP(l,l)s  0.35000, 0.35000, 0.35300, 0.37200, 0.38800, 0.41400, 0.46400. 0.54300. 0.70000. 0.87000, 

CP(1,2)»  0.69500,0.70100,0.70700,0.71300,0.72100,0,73100,0.74000.0.75000.0-74100.0.77500.0.79000,0.80500, 

LAM(l,l)s  435. 000, 430. 000, 422. 000, 412. 000, 403. 000, 392. 000, 379. 000, 365. 000. )4« .000, 315 .000, 

LAM (1,2)=  402.000,368.000,343.000,324.000,309.000,296.000,286.000,275,000.260.000.235.000,210.000,170.000, 

TFIll!(l,l)=  400.00,  600.00,1000.00,1600.00,2400.00,3200.00,4000.00, 

TFII24(1,2)=  400.00,  800.00,1200.00,2000.00,2800.00,4000.00, 

WIS(1,1)=  0.62400,0.92000,1.57000,2.34000,3.21000,3.91000,4.57000, 

WIS(1,2)=:  0.33400,0.58400,0.84400,1.33000,1.75000,2.25000, 


KVAP ( 1 , 1 )  » 

0.094, 

0.224, 

0.485, 

0.875, 

1.390, 

1.910, 

2.440 

KVAPd,2)  = 

0.100, 

0.310, 

0.584, 

1.180, 

1.620, 

2.050, 

CPVAP(1,1)= 

0.231, 

0.238, 

0.253, 

0.269, 

0.286, 

0.297, 

0.300 

CPVAP (1,2)= 

0.450, 

0.560, 

0.655, 

0.798, 

0.853, 

0.876, 

$END 
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N2H4.DAT 

$ INPUT 

PCRIT=1470,  2131, 
NAMES='NTO', 'N2H4', 
NPRBSs  3, 

NSP=  9, 


SPNAME: 

=  • 

H',  * 

H2 

' ,  • 

H20',  ' 

N2','  HO' 

• 

02',  ' 

H3N 

• , ' 

NO',  ' 

O' 

WK(1)= 

1.00, 

2.00,  16.00, 

28.00,  17.00 

32.00, 

17.00,  30.00, 

16.00, 

EPSId, 

,1)  = 

37.000, 

59.700,  809 

.000, 

71.400,  79.800 

106.700, 

558.000,  116 

.700, 

106.700, 

SIQMAd,  1>  = 

2.7100, 

2.8300,  2. 

6400, 

3.8000,  3.1500 

3.4700, 

2.9000,  3. 

4900, 

3.0500, 

8I00F= 

3.9690,  4 

.0290, 

WTKOL 

>  46.0000,  32.0000, 

PRSS  = 

100 

.000, 

300.000, 

,  1000 

.000, 

BPSOP=  331.900, 

NR=  9, 

Rd)  = 

15.000, 

10.000, 

5.000, 

2.000, 

1.000, 

0.500, 

0.200, 

0.100, 

0.066, 

YSPd, 

1,1)  = 

0.0, 

0.0, 

0.0, 

0.0070, 

0.0200, 

0.0010, 

YSPd, 

2,1)  = 

0.0, 

0.0, 

0.0, 

0.0200, 

0.1800, 

0.4080, 

0.5600, 

0.6120, 

0.6310, 

YSPd, 

3,1)  = 

0.1130, 

0.1610, 

0.2740, 

0.4250, 

0.3880, 

0.2190, 

0.0900, 

0.0460, 

0.0300, 

YSPd, 

4,1)  = 

0.3510, 

0.3600, 

0.3750, 

0.3910, 

0.3920, 

0.3690, 

0.3460, 

0.3400, 

0.3390, 

YSPd, 

5,1)  = 

0.0, 

0.0, 

0.0050, 

0.0450, 

0.0130, 

YSPd, 

6,1)  = 

0.5330, 

0.4790, 

0.3380, 

0.0790, 

0.0020, 

YSPd, 

8,1)  = 

0.0, 

0.0, 

0.0110, 

0.0200, 

YSPd, 

9,1)  = 

0.0, 

0.0, 

0.0, 

0.0900, 

YSPd, 

1,2)  = 

0.0, 

0.0, 

0.0, 

0.0040, 

0.0150, 

YSPd, 

2,2)  = 

0.0, 

0.0, 

0.0, 

0.0160, 

0.1790, 

0.4100, 

0.5600, 

0.6120, 

0.6280, 

YSPd, 

3,2)  = 

0.1130, 

0.1610, 

0.2740, 

0.4370, 

0.3960, 

0.2190, 

0.0900, 

0.0450, 

0.0300, 

YSPd, 

4,2)  = 

0.3510, 

0.3600, 

0.3720, 

0.3930, 

0.3960, 

0.3960, 

0.3460, 

0.3410, 

0.3370, 

YSPd, 

5,2)  = 

0.0, 

0.0, 

0.0020, 

0.0410, 

0.0110, 

YSPd, 

<.2)  = 

0.5330, 

0.4790, 

0.3380, 

0.0780, 

YSPd, 

7,2)  = 

0.0, 

0.0, 

0.0, 

0.0, 

0.0, 

0.0, 

0.0, 

0.0, 

0.0020, 

YSPd, 

8,2)  = 

0.0, 

0.0, 

0.0100, 

0.0200, 

YSPd, 

9,2)  = 

0,0, 

0.0, 

0.0, 

0.0070, 

YSPd, 

l,3)  = 

0.0, 

0.0, 

0.0, 

0.0020, 

0.0090, 

YSPd, 

2,3)  = 

0.0, 

0.0, 

0.0, 

0.0120, 

0.1800, 

0.4110, 

0.5590, 

0.6090, 

0.6260, 

YSPd, 

3,3)  = 

0.1130, 

0.1600, 

0.2780, 

0.4470, 

0.4020, 

0.2200, 

0.0900, 

0.0450, 

0.0300, 

YSPd, 

4,3)  = 

0.3510, 

0.3600, 

0.3730, 

0.3940, 

0.3980, 

0.3700, 

0.3470, 

0.3400, 

0.3370, 

YSPd, 

5,3)  = 

0.0, 

0.0, 

0.0, 

0.0370, 

0.0070, 

YSPd, 

6,3)  = 

0.5360, 

0.4770, 

0.3380, 

0.0760, 

YSPd, 

7,3)  = 

0.0, 

0.0, 

0.0, 

0.0, 

0.0, 

0,0, 

0.0, 

0.0030, 

0.0050, 

YSPd, 

8,3)  = 

0.0, 

0.0, 

0.0100, 

0.0230, 

YSPd, 

9,3)  = 

0.0, 

0.0, 

0.0, 

0.0040, 

WNTABd, l)a  29.0100, 28.3200,2$. 5600, 22.7400, 18.7500, 
15.1300, 12.5300, 11.0200, 11.3200. 
WHTAB(l,2)a  29 . 0200 , 26 . 3200, 26 . 59 00, 22 . 9000 , 18 . 8«00 , 
15.1400, 12.5300, 11.6300, 11.3300, 
WMTAB(l,3)s  29.0100,28.3200,26.6000,23.0500,18.9600, 


15.1400, 

12.5400, 

> 11.6600, 

11.3800, 

TCld,l)  = 

1903.00, 

2533.00, 

3656.00, 

5290.00, 

5276.00, 

4016.00, 

2693.00, 

2156.00, 

1964.00, 

TCld,2)  = 

1903.00, 

2533.00, 

3865.00, 

5429.00, 

5398.00, 

4025.00, 

2695.00, 

2156.00, 

1969.00, 

TCld,3)  = 

1903.00, 

2532.00, 

3672.00, 

5558.00, 

5504.00, 

4014.00, 

2696.00, 

2165.00, 

1964.00, 

POAHT (1 ) 3 

1.310, 

1.287, 

1.253, 

1.225, 

1.232, 

1.266, 

1.318, 

1.344, 

1.353, 

NT=  6, 

TTABd)  = 

540.00, 

1080.00, 

1980.00, 

3060.00, 

4860.00, 

,7020.00, 

VSPd,  1)  = 

0.4190, 

0.6580, 

0.9760, 

1.2920, 

1,7410. 

,  2.2070, 

VSPd,2)  = 

0.5000, 

0.7920, 

1.1790, 

1.5640, 

2.1080, 

,  2.6720, 

VSPd,3)  = 

0.6140. 

1.2030, 

2.2020, 

3.2520, 

4.6930, 

,  6.1210, 

VSPd,4)  = 

0.9950, 

1.5980, 

2.3670, 

3.1460, 

4.2420, 

,  5.3780, 

VSPd,5)  = 

1.1020, 

1.7810, 

2.6400, 

3.5110, 

4.7370, 

,  6.0040, 

VSPd,  6)s 

1.1560, 

1.9120, 

2.8630, 

3.7960, 

5.1300, 

.  6.5060, 

VSPd, 7)3 

0.5630, 

1.1730, 

2.0620, 

2.9320, 

4.1090, 

.  5.2830, 

VSPd, 8)3 

1.0750, 

1.7950, 

2.6970, 

3.5710, 

4.8330, 

.  6.1300, 

VSPd,9)  = 

1.0560, 

1.7470, 

2.6160, 

3.4680, 

4.6870, 

.  5.9440, 

CPTABd,  1) 

3 

2.500, 

2.500, 

2.500, 

2.500, 

2.500, 

2.500, 

CPTABd,2) 

7.000, 

7.050, 

7.350, 

7.990, 

8.620, 

9.110, 

CPTABd,  3) 

= 

8.060, 

8.730, 

10.220, 

11.750, 

13.200, 

14.010, 

CPTABd, 4) 

= 

7.000, 

7.240, 

8.000, 

8.510, 

8.850, 

8.990, 

CPTABd, 5) 

= 

7.000, 

7.040, 

7.460, 

8.090, 

8.730, 

9.100, 

CPTABd, 6) 

S 

7.070, 

7.700, 

8.470, 

8.890, 

9.440, 

9.920, 

CPTABd, 7) 

= 

8.550, 

10.720, 

14.000, 

16.530, 

18.430, 

19.350, 

CPTABd, 8) 

= 

7.170, 

7.500, 

8.280, 

8.690, 

8.970, 

9.120, 

CPTABd,  9) 

8 

5.260, 

5.090, 

5.020, 

5.010, 

5.020, 

5.120, 

NTLs  10, 

13,  NTFLMs  7 

r  0/ 

TLId,  l)s 

400.00, 

440.00, 

480.00, 

520.00, 

560.00, 

600.00, 

640.00, 

680.00, 

720.00, 

760.00, 

TLId,2)  = 

400.00, 

500.00, 

550.00, 

600.00, 

650.00, 

700.00, 

750.00, 

800.00, 

850.00, 

900.00, 

950.00, 

1000.00,1050.00, 

PV (1 , 1 ) 3 

0.270, 

0.850, 

3.940, 

11.800, 

30.000, 

80.000, 

160.000, 

330.000, 

660.000, 

1200.00, 

PVd,2)  = 

0.001, 

0.080, 

0.480, 

1.900, 

6.000, 

15.500, 

37.000, 

75.000, 

160.000, 

250.000, 

430.000, 

660.000,960.000. 

RHOLd,  l)s 

.058000, 

.055600, 

.054100, 

.052700, 

.050850, 

.048700, 

.046300, 

.043500, 

.039350, 

.032400, 
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N2H4.DAT 


RHOL(l,2)= 

CP<1,1)= 

CP(l,2)s: 

LAH(lrl)s 

LAH(1,2)= 


TPILH{l,2)a! 
WIS(1,1)  = 
WIS(1,2)  = 
KVAP(l,l)s 
KVAP(1,2)3 
CPVAP{1,1)= 
CPVAP{1,2)= 
$END 


.038000, .036600, .035700, .034800, .033800, .032600, 

.031700, .030500, .029200, .028100,-027000, .026000, .025000, 
0.35000, 0.35000,0.35300, 0.37200,0.38800,0.41400, 
0.46400,0.54300,0.70000,0.87000, 

.7014,  .7295,  .7435,  .7575,  .7716,  .7856, 

.7997,  .8137,  .8277,  .8418,  .8558,  .8698,  .8839, 

435.000,430.000,422.000,412.000,403.000,392.000, 

379.000,365.000,346.000,315.000, 

606.52,  581.53,  569.95,  556.97,  548.60,  538.85, 

529.69,  521.14,  513.20,  505.86,  499.13,  493.02,  487.50, 
400.00,  600.00,1000.00, 1600.00,2400.00,3200.00,4000.00, 
400.00,  800.00,1200.00,2000.00,2800.00,4000.00, 

0.62400, 0.92000,1.57000,2.34000,3.21000,3.91000,4.57000, 


4252, 

.8085, 

1,1917, 

1.9582,  2. 

.7247, 

3.8745, 

0.094, 

0.224, 

0.485, 

0.875, 

1.390, 

1.910, 

2.440, 

0.140, 

0.300, 

0.450, 

0.950, 

1.500, 

2.400, 

0.231, 

0.238, 

0.253, 

0.269, 

0.286, 

0.297, 

0.300, 

0.320, 

0.500, 

0.610, 

0.740, 

0.820, 

0.900, 
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02H2,DAT 

$ INPUT 

PCRIT=731,  188, 
PLAMEPr  1, 
TFLAME=6250 . , 
NAMES='LOX', '0H2', 


NSF=  6, 

SPNAME=  • 

H' 

^  , 

H2',  ' 

H20S  ' 

O' 

OB',» 

02 

HM(1)= 

1.01, 

o 

to 

18.02, 

16.00, 

17.01, 

32.00, 

EPSId,  1)  = 

37.00, 

59.7  , 

,  809.10, 

106.70, 

79.80, 

106.70, 

SIQMAd,  l)s: 

2.7080, 

2.8270, 

>  2.6410, 

3.0500, 

3.1470, 

3.4670, 

SIOOP=  3.4e70,  2.8720,  WTMOL=  32,0000,  2,02, 

EPSOF=  106.700,  59.700, 

NR  =  12, 


R  =  O.lOOE-fOO,  0 

.300E+01,  0 

.400E4-01,  0 

4SOE4.01,  0 

SOOEtOl,  0 

550S*01, 

0.600E+01,  0 

.650E+01,  0 

.700E+01,  0 

750E+01,  0 

800B+01,  0 

100B«02, 

NPRESs  3, 

PR33  s  0.200E+03, 

0.300B-t03, 

0.400B403. 

TCld,l)=  0.720E+03, 

0.472E-»04, 

0.541B4-04, 

0.565B404, 

0  .S82B-t-04, 

0.S95E«04 

0.604B4-04, 

0.610E-»04, 

0.613E404, 

0.614B+04, 

0.614B«04, 

0.60SB404 

TCld,2)=  0.720E  +  03, 

0.473B-»04, 

0.546B404, 

0.571B4^04, 

0.590B«04, 

0.604E«04 

0.614E4-04, 

0.620E4-04, 

0.624B404, 

0.625E404, 

0.625B*04, 

0.615S«04 

TCld,3)=  0.720E+03, 

0.474B4-04, 

O.S49B+04, 

0,575E+04, 

0.595B«04, 

0.610S*04 

0.620Ef04, 

0.627B-I-04, 

0.631B«04, 

0.632B+04, 

0.632B4.04, 

0.622E«^04 

PQAMTd)s  0.140E+01, 

0.121E4-01, 

0.117E+01, 

0.115B+01, 

0.114E«01, 

0.114B4^01 

0.113E+01, 

0.113B4-01, 

0.113B4.01, 

0.113E+01, 

0 . 113E+01, 

0.11324^01 

WMTAB ( 1 , 

d)a 

0.222E4.01, 

0.2222401, 

0.2222401, 

0.6022401, 

0.8032401, 

0.8032401, 

0.9a7E+01, 

0.9892401, 

0.9912401, 

0,1072402, 

0.1062402, 

0.1082402, 

WMTAB d, 

2)  = 

0.115B4-02, 

0.1162402, 

0.1162402, 

0.1232^02, 

0.1242402, 

0.1242402. 

0.131E-402, 

0.1312402, 

0.1322402, 

0.1372402, 

0.1382402, 

0 . 1392402, 

WMTAB ( 1 , 

,3)  = 

0.144B-f02, 

0.1452402, 

0.1452402, 

0 . 1S02>02, 

0.1512402, 

0.1512402. 

O.IS6S4O2, 

0.1572402, 

0.1572402, 

0 . 1762402, 

0.1772402, 

0.1772402, 

YSPd, 

1, 

1)  = 

O.OOOE4.OO, 

.  0.8662-02, 

0.3012-01, 

0.4102-01, 

0.4962-01, 

0.5502-01, 

0.572E-01, 

0.5682-01, 

0.5462-01, 

0.5122-01, 

0.4722-01, 

0.3142-01, 

YSPd, 

2, 

,  1)  = 

0.98724^00, 

0.6152400, 

0.4772400, 

0.4112400, 

0.3512400, 

0,2972400, 

0.2512400, 

0.2132400, 

0.1802400, 

0.1532400, 

0,1312400. 

0.7372-01, 

YSPd, 

3, 

1)  = 

0.126B-01, 

0.3752400, 

0.4622400, 

0.5262400, 

0.5632400. 

0.5922400, 

0.6142400, 

0.6302400, 

0.6412400, 

0.6472400, 

0.6502400, 

0.6422*00, 

YSPd, 

4, 

1)  = 

O.OOOE4OO, 

0.120E-04, 

0.3992-03, 

0.1182-02, 

0.2682-02, 

0.5022-02, 

0.81QE-02, 

0.1172-01, 

0.1542-01, 

0.1692-01, 

0.2212-01, 

0.2982-01, 

YSP(1, 

5, 

O.00OE400, 

0.131B-02, 

0.1042-01, 

0.1992-01, 

0.3222-01, 

0.4632-01, 

0.610E-01, 

0.7502-01, 

0.8732-01, 

0.9762-01, 

0.1062400, 

0.1202*00, 

YSPd, 

6, 

X)  = 

0.000E400, 

0.2982-05, 

0.1612-03, 

0.6022-03, 

0.1712-02. 

0.3952-02, 

0.7602-02, 

0.1362-01, 

0.2152-01, 

0.3142-01, 

0.4322-01, 

0.1022*00, 

YSPd, 

I4 

2)  = 

0.0002400, 

0,7502-02, 

0.2662-01, 

0.3692-01, 

0.4522-01, 

0.5062-01, 

0,5302-01, 

0.5282-01, 

0.5072-01, 

0.4752-01, 

0.4372-01, 

0.2862-01, 

YSPd, 

2, 

2)  = 

0.9872400, 

0.6162400, 

0.4792400, 

0.4132400, 

0.3522400, 

0.2981*00, 

0.2512400, 

0.2122400, 

0.1782400, 

0.1512400, 

0.1282400, 

0.7061-01, 

YSPd, 

3, 

2)  = 

0.1262-01, 

0.3752400, 

0.4852400, 

0.5302400, 

0.5682400, 

0.5992*00, 

0.6222400, 

0.6392400, 

0.6502400, 

0.6572400, 

0.6602400, 

0.6512*00, 

YSPd, 

4, 

2)  = 

0.0002400, 

0.8602-05, 

0.3162-03, 

0.9732-03, 

0.2282-02, 

0.4392-02, 

0.7242-02, 

0.1062-01, 

0.1422-01, 

0.1762-01, 

0,2072-01, 

0.2802-01, 

YSPd, 

5, 

2)« 

0.0002400, 

0.1122-02, 

0.9432-02, 

0.1832-01, 

0.3032-01, 

0.4432-01, 

0.5912-01, 

0.7332-01, 

0.8602-01, 

0.9662-01, 

0.1052400, 

0.1192*00, 

YSPd, 

6, 

2)a 

0.0002400, 

0. 2142-05, 

0.1282-03, 

0.4962-03, 

0.1462-02, 

0.3472-02, 

0. 7052-02, 

0.1262-01, 

0.2032-01, 

0.3002-01, 

0.4162-01, 

0.1021*00. 

YSPd, 

1, 

3)  = 

0.0002400, 

0.6642-02, 

0.2432-01, 

0,3412-01, 

0.4222-01, 

0.4762-01, 

0.501B-01, 

0.5002-01, 

0.4812-01, 

0.4502-01, 

0.4132-01, 

0.2662-01, 

YSPd, 

2, 

3)  = 

0.9072400, 

0,6172400, 

0.4802400, 

0.4152400, 

0.3542400, 

0.2992*00, 

0.2512400, 

0.2112400, 

0.1772400, 

0.1492400, 

0.1262400, 

0.6032-01, 

YSPd, 

3, 

3)  = 

0.1262-01, 

0.3762400, 

0.4862400, 

0.5332400, 

0.5722400, 

0.6042*00, 

0.6282400, 

0.6452400, 

0.6572400, 

0.6642400, 

0.6682400, 

0.6582*00, 

YSPd, 

4, 

3)  = 

0.0002400, 

0.6772-05, 

0.2662-03, 

0.8412-03, 

0.2022-02, 

0 . 3972-02, 

0.6652-02, 

0.9872-02, 

0.1332-01, 

0.1662-01, 

0,1972-01, 

0.3681-01, 

YSPd, 

5, 

3)  = 

0.0002400, 

0.9942-03, 

0.6722-02, 

0.1722-01, 

0.2892-01, 

0.4201-01, 

0.5762-01, 

0.7202-01, 

0.6492-01, 

0.9502-01, 

0.1042400, 

0.1192*00, 

YSPd, 

6/ 

3)  = 

0.0002400, 

0.1682-05, 

0.1072-03, 

0,4262-03, 

0.1292-02, 

0.3151-03, 

0.6532-02, 

0.1192-01, 

0.1942-01, 

0.2912-01, 

0.4082-01, 

0.1011*00, 

NT  =  6, 


TTAB (1 ) = 

540.00, 

1080.00, 

1980.00, 

,3060.00,4860.00, 

7020.00, 

VSPd,  l}c 

0.4194, 

0.6560, 

0.9755, 

1.2918, 

1.7409, 

2.2070, 

VSPd,2)  = 

0.4995, 

0.7952, 

1.1790, 

1.5634, 

2.1077, 

2.6716, 

VSPd,3)  = 

0.6137, 

1.2033, 

2.2018, 

3.2518, 

4.6926, 

6,1211, 

VSPd,  4)a 

1.0561, 

1.7466, 

2.6156, 

3.4679, 

4.6870, 

5.9441, 

VSPd,5}  = 

1.1065, 

1.7807, 

2.6403, 

3.5110, 

4.7368, 

6.0046, 

VSPd,6)s 

1.1558, 

1.9118, 

2.8626, 

3.7955, 

5.1299, 

6.5058, 

CPTABd,l)B 

4.966, 

4.966, 

4.968, 

4.968, 

4.966, 

4.968, 

CPTABd,2)B 

6.995, 

7.009, 

7.307, 

7.907, 

8,637, 

9.125, 

CPTABd,  3)  = 

6.028, 

8.680, 

10.163, 

11.699, 

13.122, 

13,933, 

CPTABd,4)« 

5.234, 

5.050, 

4.994, 

4.980, 

4.990, 

5.001, 

CPTABd,5)s 

6.965, 

7.003, 

7.422, 

8.046, 

8.666, 

9.036, 

CPTABd,6)B 
NTL=  0,  0 

7.023,  7.671, 

,  NTFLM=  7, 

6.438, 

0, 

6.853, 

9.368, 

9.859, 

TFILMd,  1)b 

180.00, 

540.00, 

1080.00, 

1800.00,2700.00, 

3600.00,5400.00 

WISd,l)a 

0.45940, 

1.23790, 

2.04750, 

2.66240,3.74240, 

4.52090,5.66170 

KVAPd,  1)  = 

0.145, 

0.393, 

0,705, 

1.125, 

1.453, 

1.809,  2.476 

CPVAPd,  l)s 
$2ND 

0.217, 

0.220, 

0.240, 

0.261, 

0.273, 

0.282,  0.298 
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LOXH2 .  MID 


$ INPUT 

PCRIT=731,  188, 

PLAMEF=  1, 

TPLAME=6250., 

NAMES='LOX' , 'LH2' , 

NSP=  6, 

SPNAME=  '  H','  H2','  H20','  O','  OH','  02', 

WM(1)=  1.01,  2.02,  18.02,  16.00,  17.01,  32.00, 

EPSI(1,1)=  37.00,  59.7  ,  809.10,  106.70,  79.80,  106.70, 

SIGMA(1,1)=  2.7080,  2.8270,  2.6410,  3.0500,  3.1470,  3.4670, 

SIGOF=  3.4670,  2.8720,  WTMOL=  32.0000,  2.02, 

EPSOF=  106.700,  59.700, 

NR  =  10, 

R  =  1.,  2.,  3.,  4.,  5.,  6.,  7.,  8.,  10.,  20., 

NPRES=  3, 

PRSS  =  400.,  1000.,  1500., 

TC1(1,  1)=  1759.,  3236.,  4409.,  5259.,  5800., 

6100.,  6229.,  6249.,  6143.,  5236., 

WMTABd,  1)=  4.032,  6.048,  8.050,  9.969,  11.731, 

13.308,  14.692,  15.898,  17.890,  23.533, 

YSP(1,  1,  1)=  .000000,  .000058,  .003002,  .016374,  .033894, 

.043313,  .042540,  .036462,  .022978,  .001617, 

YSP{1,  2,  1)=  .873999,  .747948,  .619632,  .485212,  .355940, 

.248985,  .171511,  .119597,  .062565,  .005154, 

YSP(1,  3,  1)=  .126001,  .251993,  .377000,  .492939,  .585778, 

.647333,  .679100,  .689275,  .676461,  .523664, 

YSP(1,  4,  1)=  .000000,  .000000,  .000001,  .000109,  .001255, 

.005071,  .011212,  .017289,  .023908,  .009966, 

Ygp(l,  5,  1)=  .000000,  .000001,  .000365,  .005320,  .022304, 

.050062,  .078084,  .098047,  .112018,  .051988, 

YSP(1,  6,  1)=  .000000,  .000000,  .000000,  .000045,  .000818, 

.005188,  .017423,  .039091,  .101626,  .407108, 

TC1(1,  2)=  1759.,  3236.,  4420.,  5321.,  5931., 

6291.,  6452.,  6479.,  6350.,  5317., 

WMTABd,  2)=  4.032,  6.048,  8.055,  10.001,  11.813, 

13.446,  14.875,  16.104,  18.097,  23.626, 

FGAMTd)=  1.3586,  1.2837,  1.2337,  1.1897,  1.1588, 

1.1406,  1.1325,  1.1305,  1.1321,  1.1580, 

YSPd,  1,  2)=  .000000,  .000037,  .001957,  .011590,  .026046, 

.035074,  .034997,  .029632,  .017756,  .001023, 

YSPd,  2,  2)=  .873999,  .747966,  .620455,  .488366,  .359178, 

.248424,  .166297,  .111832,  .054968,  .003855, 

YSPd,  3,  2)=  .126001,  .251996,  .377347,  .496094,  .595383, 

.664662,  .701741,  .713414,  .697604,  .530255, 

YSPd,  4,  2)=  .000000,  .000000,  .000000,  .000056,  .000771, 

.003617,  .008851,  .014362,  .020186,  .007442, 

YSPd,  5,  2)=  ,000000,  .000001,  .000240,  .003871,  .018107, 

.044372,  .073341,  .094622,  .108512,  .046172, 

YSPd,  6,  2)=  .000000,  .000000,  .000000,  .000023,  .000505, 

.003793,  .014598,  .035792,  .100314,  .410551, 

TC1(1,  3)=  1759.,  3236.,  4424.,  5343.,  5983., 

6372.,  6551.,  6581.,  6440.,  5349., 

WMTAB(1,  3)=  4.032,  6.048,  8.056,  10.013,  11.846, 

13.506,  14.956,  16.196,  18.188,  23.664, 

YSPd,  1,  3)=  .000000,  .000030,  .001614,  .009852,  .022929, 

.031661,  .031861,  .026813,  .015668,  .000825, 

YSPd,  2,  3)=  .873999,  .747972,  .620726,  .489511,  .360462, 

.248102,  .163759,  .108079,  .051492,  .003362, 

YSP(1,  3,  3)=  .126001,  .251997,  .377462,  .497256,  .599309, 

.672288,  .712143,  .724610,  .707180,  .532970, 

YSPd,  4,  3)=  .000000,  .000000,  .000000,  .000041,  .000607, 

.003054,  .007870,  .013118,  .018590,  .006486, 

YSPd,  5,  3)=  .000000,  .000001,  .000198,  .003324,  .016285, 

.041593,  .070814,  .092679,  .106480,  .043571, 

YSPd,  6,  3)=  .000000,  .000000,  .000000,  .000017,  .000398, 

.003239,  .013353,  .034298,  .099805,  .411976, 

NT  =  6, 


TTAB(l) = 

540.00, 

1080.00,1980.00,3060.00, 

4860.00, 

7020.00, 

VSP(1,1)=: 

0.4194, 

0.6580,  0.9755, 

1.2918, 

1.7409, 

2.2070, 

VSP(1,2)= 

0.4995, 

0.7952,  1.1790, 

1.5634, 

2.1077, 

2.6716, 

VSP(1,3) = 

0.6137, 

1.2033,  2.2018, 

3.2518, 

4.6926, 

6.1211, 

VSP(1,4)= 

1.0561, 

1.7466,  2.6156, 

3.4679, 

4.6870, 

5.9441, 

VSP(1,5)= 

1.1065, 

1.7807,  2.6403, 

3.5110, 

4.7368, 

6.0046, 

VSP(1, 6) = 

1.1558, 

1.9118,  2.8626, 

3.7955, 

5.1299, 

6.5058, 

CPTAB(1,1)= 

4.968, 

4.968,  4.968, 

4.968, 

4.968, 

4.968, 

CPTAB(1,2)= 

6.995, 

7.009,  7.307, 

7.907, 

8.637, 

9,125, 

CPTAB(1,3)= 

8.028, 

8.680,  10.163, 

11.699, 

13.122, 

13.933, 

CPTABtl,4)= 

5.234, 

5.050,  4.994, 

4.980, 

4.990, 

5.081, 

CPTAB(1,5)= 

6.965, 

7.003,  7.422, 

8.046, 

8.666, 

9.038, 

CPTAB{1,6)= 

7.023, 

7.671,  8.438, 

8.853, 

9.388, 

9.859, 

NTL=  0,  0 

,  NTFLM=  7 ,  0 , 

TFILM(1,1)= 

180.00, 

,  540.00,1080.00, 

d800.00. 

2700.00, 

3600.00,5400.00 

WIS(1, 1)  = 

0.45940, 

,1.23790,2.04750, 

,2.88240, 

3.74240,4.52090,5.88170 

KVAP(1,1)= 

0.145, 

,  0.393,  0.705, 

1.125, 

1.453, 

1.809,  2.476 

CPVAP(1,1)= 

0.217, 

,  0.220,  0.240, 

0.261, 

0.273, 

0.282,  0.298 

SEND 
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LOXH2 . DAT 


$  INPUT 

PCRIT=731,  188, 

PLAMEF=  1, 

TFLAME=62  50  .  , 

NAMES='LOX' , 'LH2' , 

NSP=  6, 

SPNAME=  '  H','  H2','  H20','  0',’  OH','  02', 

WM(1)=  1.01,  2.02,  18.02,  16.00,  17.01,  32.00, 

EPSI(1,1)=  37.00,  59.7  ,  809.10,  106.70,  79.80,  106.70, 

SIGMA(1,1)=  2.7080,  2.8270,  2.6410,  3.0500,  3.1470,  3.4670, 

SIGOF=  3.4670,  2.8720,  WTMOL=  32.0000,  2.02, 

EPSOP=  106.700,  59.700, 

NR  =  10, 

R  =  1.,  2.,  3.,  4.,  5.,  6.,  7.,  8.,  10.,  20., 

NPRE9=  3, 


PRSS 

=  1500.  , 

,  2500.,  3500 

.  , 

TCI (1, 

1) 

= 

1759. , 

3236., 

4424  . 

,  5343 

5983 

6372. , 

6551 . , 

6581. 

,  6440 

5349 

WMTAB ( 

1, 

i)  = 

4.032, 

6.048, 

8. 

056,  10 

.013.  11 

13.506, 

14.956, 

16. 

196,  18 

.188,  23 

YSP(1, 

1, 

i)  = 

.000000, 

.000030, 

.001614, 

.009852,  . 

022929. 

.031661, 

.031861, 

.026813 

.  .015668, 

.000825, 

YSP(1, 

2, 

i)  = 

.873999, 

.747972, 

.  620726. 

.489511.  . 

360462, 

.248102, 

.163759, 

.108079 

,  .051492, 

.003362. 

YSP{1, 

3, 

i)  = 

,126001,  , 

.251997, 

.377462, 

.497256,  . 

599309, 

.  672288, 

.712143, 

.724610 

,  .707180. 

.532970, 

YSP(1, 

4, 

i)  = 

.000000,  , 

.000000, 

.000000, 

.000041,  . 

000607, 

.003054, 

.007870, 

.013118 

,  .018590, 

.006486, 

YSP(1, 

5, 

i)  = 

.000000, 

.000001, 

.000198, 

.003324, 

016285, 

.041593, 

.070814, 

.092679 

,  .106480, 

.043571, 

YSP(1, 

6, 

i)  = 

.000000, 

.000000, 

.000000, 

.000017,  . 

000398, 

.003239,  .013353,  .034298,  .099805,  .411976, 

TC1(1,  2)=  1759.,  3236.,  4428.,  5367.,  6044., 

6470.,  6674.,  6710.,  6552.,  5387., 

WMTABd,  2)=  4.032,  6.048,  8.058,  10.025,  11.885, 

13.578,  15.058,  16.313,  18.302,  23.707, 

FGAMT(1)=  1.3586,  1.2839,  1.2369,  1.1972,  1.1668, 

1.1470,  1.1372,  1.1347,  1.1367,  1.1642, 

YSP(1,  1,  2)=  .000000,  .000023,  .001263,  .007968,  .019342, 

.027595,  .028109,  .023458,  .013244,  .000624, 

YSP(1,  2,  2)=  .873999,  .747978,  .621002,  .490751,  .361940, 

.247657,  .160390,  .103091,  .047059,  .002810, 

YSP(1,  3,  2)=  .126001,  .251998,  .377579,  .498525,  .603905, 

.681730,  .725494,  .739105,  .719344,  .536197, 

YSP(1,  4,  2)=  .000000,  .000000,  .000000,  .000027,  .000439, 

.002421,  .006703,  .011610,  .016639,  .005415, 

YSP(1,  5,  2)=  .000000,  .000001,  .000155,  .002717,  .014075, 

.037924,  .067268,  .089856,  .103502,  .040315, 

YSP(1,  6,  2)=  .000000,  .000000,  .000000,  .000011,  .000289, 

.002604,  .011806,  .032392,  .099235,  .413671, 

TC1(1,  3)=  1759.,  3236.,  4430.,  5381.,  6080., 

6532.,  6754.,  6794.,  6624.,  5410., 

WMTAB(1,  3)=  4.032,  6.048,  8.059,  10.033,  11.908, 

13.624,  15.125,  16.391,  18.376,  23.734, 

YSP(1,  1,  3)=  .000000,  .000020,  .001073,  .006901,  .017192, 

.025071,  .025768,  .021375,  .011778,  .000516, 

YSP(1,  2,  3)=.  .873999,  .747981,  .621152,  .491454,  .362826, 

.247351,  .158084,  .099659,  .044130,  .002486, 

YSP(1,  3,  3)=  .126001,  .251999,  .377643,  .499249,  .606698, 

.687788,  .734389,  .748857,  .727371,  .538200, 

YSP(1,  4,  3)=  .000000,  .000000,  .000000,  .000020,  .000350, 

.002053,  .005981,  .010658,  .015399,  .004789, 

YSP(1,  5,  3)=  .000000,  .000000,  .000132,  .002367,  .012692, 

.035437,  .064720,  .087774,  .101290,  .038201, 

YSP(1,  6,  3)=  .000000,  .000000,  .000000,  .000008,  .000231, 

.002228,  .010805,  .031124,  .098907,  .414721, 

NT  =  6, 

TTAB(l) =  540.00,1080.00,1980.00,3060.00,4860.00,7020.00, 


VSP(1,1)= 

0.4194, 

0.6580. 

0.9755, 

1.2918, 

1.7409, 

2.2070, 

VSP(1.2)= 

0.4995, 

0.7952, 

1.1790, 

1.5634, 

2.1077. 

2.6716, 

VSP(1,3)= 

0.6137, 

1.2033, 

2.2018, 

3.2518, 

4 . 6926, 

6.1211, 

VSP(1,4)= 

1.0561, 

1.7466, 

2.6156, 

3.4679, 

4.6870. 

5.9441, 

VSP(1,5)= 

1.1065, 

1.7807, 

2.6403, 

3.5110, 

4.7368, 

6.0046, 

VSP(1.6)= 

1.1558, 

1.9118, 

2.8626, 

3.7955, 

5.1299, 

6.5058, 

CPTAB(1,1)= 

4.968, 

4  .968, 

4.968, 

4.968, 

4  .968, 

4.968. 

CPTAB(1,2)= 

6.995, 

7  .009, 

7.307, 

7.907, 

8.637, 

9.125, 

CPTAB(1,3)= 

8.028, 

8.680, 

10.163, 

11.699, 

13.122, 

13.933, 

CPTAB(1,4}= 

5.234, 

5.050, 

4.994, 

4.980, 

4.990, 

5.081, 

CPTAB(1,5)= 

6.965, 

7.003, 

7.422, 

8.046, 

8.666, 

9.038, 

CPTAB(1,6)= 
NTL=  0,  0, 

7.023,  7.671, 

,  NTFLM=  7, 

8.438, 

0, 

8.853, 

9.388, 

9.859, 

TFILM(1,1)=  180.00,  540.00,1080.00,1800.00,2700.00,3600.00,5400.00, 
WIS(1,1)=  0.45940,1.23790,2.04750,2.88240,3.74240,4.52090,5.88170, 
KVAP(1,1)=  0.145,  0.393,  0.705,  1.125,  1.453,  1.809,  2.476, 
CPVAP(1,1)=  0.217,  0.220,  0.240,  0.261,  0.273,  0.282,  0.298, 
SEND 
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PROPAN.  MID 


$ INPUT 

PCRIT=731/  618, 

PLAMEP=  2,  TPIiAME=6379, 

NAMESs ' LOX • , • PROPANE ' , 

NSP=  5, 

SPNAME=  '  CH4','  CO','  C02','  H2','  H20', 

nH(l)=  16.04,  28.01,  44.01,  2.02,  18.02, 

EPSI(1,1)=  148.600,  91.700,  195.200,  59.700,  809.100, 

SIQMAd, 1)=  3.7580,  3.6900,  3.9410,  2.8270,  2,6410, 

SIQOF=  3.4670,  5.1180,  WTMOLs  32.0000,  44.1000, 

EPSOFs  106.700,  237.100, 

NPRSSs  3, 

PRSSs  500.000,  1000.000,  1500.000, 

NRs  7, 


R(l)  = 

0.30, 

0.60, 

0.80, 

e 

o 

1.20,  1.50, 

2.00, 

YSP(1, 

1,1)  = 

0.66, 

0.32, 

0.17, 

r  0.07, 

0.00,  0.00, 

0.00, 

TSP(1, 

2,1)  = 

0.26, 

0.38, 

0.40, 

.  0.41, 

0.42,  0.41, 

0.38, 

YSP(1, 

3,1)  = 

0.01, 

0.01, 

0.01, 

,  0.01, 

0.01,  0.02, 

0.06, 

YSP(1, 

4,1)  = 

0.07, 

0.28, 

0.41, 

r  0.49, 

0.53,  0.43, 

0,27, 

YSP<1, 

5,1)  = 

0.00, 

0.01, 

0.01, 

,  0.02, 

0.04,  0.14, 

0.29, 

YSP(1, 

1,2)  = 

0.66, 

0.34, 

0.19, 

F  0.07, 

0.02,  0.00, 

0.00, 

YSPd, 

2,2)  = 

0.26, 

0.37, 

0.39, 

r  0.41, 

0.41,  0.41, 

0.39, 

YSPd, 

3,2)  = 

0.02, 

0.01, 

0.01, 

,  0.01, 

0.01,  0.02, 

0.06, 

YSPd, 

4,2)  = 

0.06, 

0.27, 

0.39, 

,  0.48, 

0.52,  0.43, 

0.27, 

YSPd, 

5,2)  = 

o 

o 

o 

0.01, 

0.02, 

,  0.03, 

0.04,  0.14, 

0.29, 

YSPd, 

1,3)  = 

0.68, 

0.35, 

0.20, 

,  0.09, 

0.02,  0.00, 

0.00, 

YSP{1, 

2,3)  = 

0.25, 

0.37, 

0.39, 

,  0.40, 

o 

o 

0.37, 

YSPd, 

3,3)  = 

0.02, 

0.01, 

0.01, 

,  0.01, 

0.01,  0.02, 

0.06, 

YSPd, 

4,3)  = 

0.05, 

0.26, 

0.38, 

,  0.47, 

0.51,  0.43, 

0.27, 

YSP(1, 

5,3)  = 

0.00, 

0.01, 

0.02, 

,  0.03, 

0.05,  0.14. 

0.30, 

WMTABd,l)  = 

20.1, 

16.7, 

r  IS 

.2,  14 

.3,  14.0, 

15.7, 

18.7, 

nMTABd,2)  = 

20.3, 

17.0, 

r  15 

.5,  14 

.6,  14.2, 

15.7, 

18.7, 

WHTABd,3)s 

20.5, 

17.2, 

,  IS 

.7,  14 

.7,  14.3, 

15.7, 

18.8, 

TCld, 

1)  = 

1661, 

2239, 

,  2351,  2478,  2772, 

3987, 

5513, 

TCld, 

,2)  = 

1899, 

2304, 

,  2440,  2582,  2841, 

3990, 

5566, 

TCld, 

3)  = 

1923, 

2347, 

,  2497,  2648,  2894, 

3991, 

5593 

FGAHTd)  = 

1.13, 

1.17, 

-  1.: 

19,  1. 

22,  1.26, 

1.27, 

1.20 

NT=  6, 


TTABd)  = 

540.00, 

1080.00, 

1980.00, 

3060.00, 

4860.00, 

7020.00, 

VSPd,l)a 

0.6277, 

1.0780, 

1.6370, 

2.1770, 

2.9420, 

3.7350, 

VSPd,2)  = 

0.9939, 

1.6320, 

2.4160, 

3.2090, 

4.3320, 

5.4930, 

VSPd,3)  = 

0.6512, 

1.5200, 

2.3500, 

3.1490, 

4.2450, 

5.4020, 

VSPd,4)  = 

0.4194, 

0.6580, 

0.9755, 

1.2918, 

1.7409, 

2.2070, 

VSPd,5)  = 

0.6137, 

1.2033, 

2.2018, 

3.2518, 

4.6926, 

6.1211, 

CPTABd,  l)s 

8.535, 

12.484, 

18.052, 

21.580, 

23.895, 

24.855, 

CPTABd,2)s 

6.965, 

7.275, 

8.056, 

8.533, 

8.837, 

8.986, 

CPTABd,  3)  = 

8.863, 

11.266, 

13.201, 

14.145, 

14.732, 

15.022, 

CPTABd,  4}s 

4.968, 

4.968, 

4.968, 

4.968, 

4.968, 

4.968, 

CPTABd, S)s 

8.028, 

8.680, 

10.163, 

11.699, 

13.122, 

13.933, 

HTLs  1, 

11« 

TLId,2}  = 

180.00, 

360.00, 

420.00, 

460.00, 

490.00, 

530.00,  560.00, 

580.00, 

600.00, 

630.00, 

666., 

PVd,2)  = 

0.001, 

5.650, 

16.000, 

37.810, 

65.700, 

124.300,188.700, 

243.400,308.400,426.000,  618., 

RHOL(l,2)s  .025930, .021840, .020940, .020000, .019220, .018030, .017070 
.016360, .015630, .014010, .010, 

CP(l,2)a  0.53000,0.53000,0,53600,0,55000,0.57700,0,63000,0.69000 
0.74500,0.82000,1.01500,5.5, 

LAM(l,2)a  238.000,191.400,182.700,172.200,162.800,148.700,135.600 
125.600,114.300,  91.100, .01, 

NTFLM=  1,  6, 

TFILH(l,2}s  180.00,  360.00,  540.00,  600.00,  625.00,  650.00, 
WIS(l,2)s  0.15570,0.30970,0.48300,0.55800,0.62500,0.74200, 
KVAP(1,2)»  0.023,  0.095,  0.255,  0.336,  0.387,  0.417, 

CPVAP(l,2)a  0.208,  0.265,  0.381,  0.417,  0.432,  0.447, 

$END 


RPl.DAT 


$nn>t7T 

PCRITb731, 

7LXKE7>  2, 
MANBSa'LOZ' 
VPIUlSa  3, 
N8Pb  9, 
SPNAXIm  ' 


315, 


ZPSId,  1)« 
SIOKXd,  1} 

SIOOPs  3.4670, 
PR88«  200.000 

HIU  6, 


CB4  * ,  ' 
O',  ' 
16.04, 
148.600, 
3.7580, 


TrLXKS3645e., 


CO','  C02','  H','  H2','  H20', 

02', '  OH', 

28.01,  44.01,  1.01,  2.02,  18.02,  16.00,  32.00, 

91.700,195.200,  37.000,  59.700,809.100,106.700,106.700, 
3.6900,  3.9410,  2.7060,  2.8270,  2.6410,  3.0500,  3.4670, 
7.5620,  WTNOLa  32.0000,  172.000,  PLAKK2s  7, 

250.000,  350.000,  SP807»  106.700,  521.000, 


Rd)« 

20.000, 

r  10.000, 

,  5.000, 

,  2.400, 

,  1.000, 

,  0.100 

Y8Pd,l,l)a 

0.0, 

0.0, 

0.0, 

0.0, 

0.0099, 

0.5470, 

T8Pd,2,l)a 

0.0000, 

0.0066, 

0.1087, 

0.3465, 

0.4679, 

0.0080, 

Y8Pd,3,l)a 

0.1082, 

0.1935, 

0.2220, 

0.1202, 

0.0024, 

0.0070, 

TaPd,4,l)a 

0.0000, 

0.0007, 

0.0130, 

0.0433, 

0.0000, 

T8Pd,5,l)a 

0.0000, 

0.0012, 

0.0165, 

0.1102, 

0.5132, 

0.3239, 

T8Pd,6,l)a 

0.1064, 

0.1841, 

0.2602, 

0.3017, 

0.0066, 

0.1139, 

T8Pd,7,l)a 

0.0000, 

0.0093, 

0.0403, 

0.0123, 

Y8Pd,8,l)a 

0.7850, 

0.5759, 

0.2540, 

0.0133, 

Y8Pd,9,l)a 

0.0003, 

0.0267, 

0.0851, 

0.0524, 

Y8Pd,l,2}a 

0.0, 

0.0, 

0.0, 

0.0, 

0.0117, 

0.5586, 

Y8Pd,2,2)a 

0.0000, 

0.0080, 

0.1070, 

0.3468, 

0.4676, 

0.0081, 

Y8P(l,3,2)a 

0.1082, 

0.1942, 

0.2247, 

0.1212, 

0.0028, 

0.0071, 

Y8Pd,4,2)a 

0.0000, 

0.0006, 

0.0123, 

0.0415, 

0.0000, 

Y8Pd,5,2)a 

0.0000, 

0.0011, 

0.0160, 

0.1099, 

0.5103, 

0.3114, 

Y8Pd,6,3)a 

0.1064, 

0.1847, 

0.2620, 

0.3045, 

0.0076, 

0.1147, 

YSPd,7,2)a 

0.0000, 

0.0087, 

0.0390, 

0.0116, 

Y8Pd,8,2)a 

0.7850, 

0.5766, 

0.2540, 

0.0127, 

YSPd,9,2)a 

0.0003, 

0.0260, 

0.0848, 

0.0517, 

Y8Pd,l,3)a 

0.0, 

0.0, 

0.0, 

0.0, 

0.0148, 

0.5763, 

YSPd,2,3)a 

0.0000, 

0.0073, 

0.1042, 

0.3471, 

0.4673, 

0.0082, 

YSPd,3,3)a 

0.1082, 

0.1952, 

0.0229, 

0.1228, 

0.0033, 

0.0072, 

Y8Pd,4,3)a 

0.0, 

0.0005, 

0.0113, 

0.0388, 

0.0000, 

Y8Pd,5,3)a 

0.0000, 

0.0010, 

0.0154, 

0.1093, 

0.5052, 

0.2923, 

Y8Pd,6,3)a 

0.1064, 

0.1857, 

0.2646, 

0.0309, 

0.0094, 

0.1160, 

Y8Pd,7,3)a 

0.0000, 

0.0078, 

0.0371, 

0.0106, 

Y8Pd,8,3)a 

0.7851, 

0.5775, 

0.2540, 

0.0119, 

Y8Pd,9,3)a 

0.0003, 

0.0249, 

0.0844, 

0.0506, 

inCTABd,l)«  31.8060,31.1100,27.7770,22.2140,  14.3660,12.0140, 
inCTABd,2)a  31.8060,31.1370,27.8500,22.2730,  14.4120,12.1050, 
1linABd,3)«  31.8070,31.1750,27.9610,22.3630,  14.4950,  12.2420, 
TGld,l}a  3133.50,4960.10,5958.60,6144.90,2662.30, 1596.00, 
TCld,2)a  3133.70,4978.50,6009.60,  6198.40,2679.90,  1612.40, 
TCld,3)a  3133.90,5005.20,6086.90,6278.90,2709.80,1636.90, 
7aMCTd)a  1.255,  1.218,  1.209,  1.223,  1.262,  1.296, 
VTa  6, 


TTABd)a 

540.00. 

1080.00, 

1980.00, 

3060.00, 

4860.00, 

7020.00 

V8Pd,l)a 

0.6277. 

1.0780, 

1.6370, 

2.1770, 

2.9420, 

3.7350 

V8Pd,3)a 

0.9939. 

1.6230, 

2.4160, 

3.2090, 

4.3320, 

5.4930 

V8Pd,3)a 

0.8512. 

1.5200, 

2.3500, 

3.1490, 

4.2450, 

5.4020 

V8Pd,4)a 

0.4194, 

0.6580, 

0.9755, 

1.2918, 

1.7409, 

2.2070 

V8Pd,5)a 

0.4995, 

0.7952, 

1.1790, 

1.5634, 

2.1077, 

2.6716 

V8Pd,6)a 

0.6137, 

1.2033, 

2.2018, 

3.2518, 

4.6926, 

6.1211, 

V8Pd,7)a 

1.0561, 

1.7466, 

2.6156, 

3.4679, 

4.6870, 

5.9441, 

V8Pd,8)a 

1.1558, 

1.9118, 

2.8626, 

3.7955, 

5.1299, 

6.5058 

V8Pd,  9)a 

1.1065, 

1,7807, 

2.6403, 

3.5110, 

4.7368, 

6.0046, 

CPTAB<1, l)a 

8.535, 

12.484, 

18.052, 

21.580, 

23.895, 

24.855, 

CPTABd,2}a 

6.965, 

7.275, 

8.056, 

8.533, 

8.837, 

8.986, 

CPTABd,3)a 

8.863, 

11.266, 

13.201, 

14.145, 

14.732, 

15.022, 

CPTAB<l,4)a 

4.968, 

4.968, 

4.968, 

4.968, 

4.968, 

4.968, 

CPTABd,5)a 

6.995, 

7.009, 

7.307, 

7.907, 

8.637, 

9.125, 

CPTAfid,6)a 

8.028, 

8.680, 

10.163, 

11.699, 

13.122, 

13.933, 

CPTABd,7)a 

5.234, 

5.050, 

4.994, 

4.980, 

4.990, 

5.081, 

CPTAB{l,8}a 

7.023, 

7.671, 

8.438, 

8.853, 

9.388, 

9.859, 

CPTABd,  9)a 
HYLa  1, 

6.965, 

10, 

7.003, 

7.422, 

8.046, 

8.666, 

9.038, 

TLId,2)a 

460.00, 

960.00, 

530.00, 

1060.00, 

560.00, 

1160.00, 

660.00, 

1218.00, 

760.00, 

860.00, 

PV(l,2)a 

0.002, 

36.000, 

0.003, 

100.000, 

0.010, 

220.000, 

0.210, 

315.000, 

2.100, 

11.000, 

RHOLd,2)a 

.029740, 

.022000, 

.028870, 

.019560, 

.028410, 

.015740, 

.027200, 

.009840, 

.025640, 

.023900, 

CPd,2)a 

0.43500, 

0.47000, 

0.48500, 

0.54000, 

0.59000, 

0.64700, 

LAXd,2)a 

MTPLIla  7, 
T7ILMd,l)i 
r7ILMd,2)i 

WI8d,l)a 
WZSd,2)B 
KVXPd,  l)a 
KVAPd,2)a 
CPVAPd,  l)i 
CPVAPd,2)i 
ISND 


0.70000,0.77500,0.86000,0.90100, 

144.300, 139.200,137.000,128.900,120.000,109.800, 

97.770,  82.660,  60.740, 

6, 

180.00,  540.00,1080.00,1000.00,2700.00,3600.00,5400.00, 
360.00,  540.00,  720.00,  900.00,1080.00,1260.00, 
0.45940,1.23790,2.04750,2.88240,3.74240,4.52090,5.88170, 
0.15700,0.24600,0.33600,0.42000,0.48200,0.53800, 

0.145,  0.393,  0.705,  1.125,  1.453,  1.809,  2.476, 

0.126,  0.174,  0.278,  0.394,  0.498,  0.607, 

0.217,  0.220,  0.240,  0.261,  0.273,  0.282,  0.298, 

0.275,  0.380,  0.470,  0.562,  0.650,  0.725, 


17.01, 

79.800, 

3.1470, 
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UDMH.DAT 


PCRIT=  1470, 

867, 

NAMES='N204' 

,  'UDMH', 

NSP=11, 

SPNAME=  ' 

H'  ,  ' 

H2' 

,  '  H20' , ' 

N2' , ' 

'  CO',' 

C02' , 

HO'  ,  ' 

02' 

,  '  NO',' 

O'  ,  ‘ 

'  CH4 ' , 

WMd)  = 

1.00, 

2.00, 

18.00,  28.00, 

28.00, 

44.00,  17.00, 

32.00, 

30.00, 

16.00, 

16.00, 

37.000, 

2.7100, 


EPSI(1,1)= 
SIGMA(1,1)= 
SIGOP=  3.9690, 
NPRES=  3, 

PRSS=  100.000, 
NRs  10, 

R(l)  = 

1,1)  = 

2,1)  = 


59.700,809.000,  71.400, 
2.8300,  2.6400,  3.8000, 
.68,  WTMOL=  46.0000, 

300.000,  1000.000, 


91.700,195.000,  79.800,106.700,116.700, 
3.6900,  3,9400,  3.1500,  3.4700,  3.4900, 


106.700,148.600, 
3.0500,  3.7600, 


60.0000, 


EPSOP=  331.900, 


432.000, 


YSP{1, 

YSPd, 

YSPd, 

YSPd, 


15.000. 
0.0, 
0.0, 

3.1) =  0.1233, 

4.1) =  0.3318, 


10.000,  5.000,  2.000,  1.600,  1.000,  0.500,  0.200,  0.100,  0.080, 
0.0,  0.0044,  0.0279,  0.0150,  0.0002, 

0.0001,  0.0085,  0.1461,  0.2488,  0.4517,  0.5200,  0.4858,  0.4635,  0.4580, 
0.1748,  0.2669,  0.2970,  0.2339,  0.0708,  0.0081.  0.0182,  0.0162,  0.0146, 
0.3268,  0.3070,  0.2679,  0.2515,  0.2160,  0.1880.  0.1789,  0.1805,  0.1815, 


YSPd, 

5.1)  = 

0.0, 

0.0002,  0.0279,  0,1832, 

0.2164, 

0,2520, 

0.1739, 

0.0603, 

0.0260, 

0.0199, 

YSPd, 

6,1)  = 

0.0617, 

0.0882,  0.1222,  0.0504, 

0.0297, 

0.0093, 

0.0016, 

0.0021. 

0.0010, 

0.0008, 

YSPd, 

7,1)  = 

0.0003, 

0.0039,  0.0447,  0.0203, 

0.0040, 

YSPd,  8,1)  = 

0.4798, 

0.3934,  0.1778,  0.0019, 

YSPd, 

9,1)  = 

0.0029, 

0.0121,  0.0261,  0.0030, 

0.0004, 

YSPd, 10,1)  = 

0.0, 

0.0004,  0.0142,  0.0023, 

0.0002, 

YSPd, 11,1)  = 

0.0, 

0.0,  0.0,  0.0, 

0.0, 

0.0, 

0.0194, 

0.0645, 

0.0991, 

0.1087 

YSPd,  1,2)  = 

0.0, 

0.0,  0,0029,  0,0207, 

0.0100, 

0.0001, 

YSPd,  2,2)  = 

0.0, 

0.0001,  0.0067,  0.1464, 

0.2510, 

0.4517, 

0.5006, 

0.4577, 

0.4325, 

0.4266 

YSPd, 

3,2)  = 

0.1234, 

0.1748,  0.2735,  0.3058, 

0.2365, 

0.0708, 

0.0127, 

0.0211, 

0.0176, 

0.0157 

YSPd, 

4,2)  = 

0.3318, 

0.3268,  0.3080,  0.2701, 

0.2524, 

0.2160, 

0.1938, 

0.1878, 

0.1905, 

0.1917 

YSPd, 

5,2)  = 

0.0, 

0.0002,  0.0229,  0.1843, 

0.2174, 

0.2520, 

0.1738, 

0.0616, 

0.0272, 

0.0211 

YSPd, 

6.2)  = 

0.0617, 

0.0882,  0.1282,  0.0511, 

0.0296, 

0.0093, 

0.0023, 

0.0021, 

0.0010, 

0.0007 

YSPd, 

7.2)  = 

0.0002, 

0.0039,  0.0410,  0.0165, 

0.0028, 

YSPd, 

8,2)  = 

0.4798, 

0.3934,  0.1766,  0,0012, 

YSPd, 

9,2)  = 

0.0029, 

0.0121,  0.0288,  0.0026, 

0.0003, 

YSPd, 10,2)  = 

0.0, 

0.0004,  0.0108,  0.0014, 

0.0001, 

YSPd, 11,2)  = 

0.0, 

0.0,  0.0,  0,0, 

0.0, 

0,0, 

0.0357, 

0.0920. 

0.1328, 

0.1433 

YSPd, 

1,3)  = 

0.0, 

0.0,  0,0018,  0.0142, 

0.0061, 

0.0001, 

YSPd, 

2,3)  = 

0,0, 

0.0,  0,0049,  0.1465, 

0.2527, 

0.4513, 

0.4698, 

0.4185. 

0.3905, 

0.3839 

YSPd, 

3,3)  = 

0.1234, 

0.1753,  0,2804,  0.3143, 

0.2385, 

0.0710, 

0.0188, 

0.0248, 

0.0196, 

0.0173 

YSPd, 

4,3)  = 

0.3318, 

0.3269,  0.3090,  0.2723, 

0.2531, 

0.2160, 

0.2033, 

0.2001, 

0.2039, 

0.2053 

YSPd, 

5,3)  = 

0.0, 

0.0001,  0.0176,  0.1853, 

0.2181, 

0.2520, 

0.1757, 

0.0635, 

0.0286, 

0.0222 

YSPd, 

6,3)  = 

0.0617, 

0.0883,  0,1347,  0.0518, 

0.0295, 

0.0093, 

0.0031, 

0.0023. 

0.0010, 

0.0007 

YSP(1, 

7,3)  = 

0.0002, 

0.0029,  0.0364,  0.0123, 

0.0017, 

YSPd, 

8,3)  = 

0.4798, 

0.3937,  0.1754,  0.0006, 

YSPd, 

9,3)  = 

0,0029, 

0.0122,  0.0316,  0.0020, 

0.0002, 

YSPd, 10,3)  = 

0.0, 

0.0002,  0.0077,  0.0007, 

YSPd, 11,3)  = 

0.0, 

0.0,  0,0,  0.0, 

0.0, 

0.0001, 

0.0623, 

0.1326, 

0.1781, 

0.1899 

TCld.Ds  3041.00,3969.00,5272.00,5516.00,5023.00,3455.00,2293.00,2008.00,1911.00,1890.00, 
TCld,2)s  3041.00,3931.00,5418.00,5673.00,5093.00,3456.00,2406.00,2139.00,2040.00,2019.00, 
TCld,3)=  3041.00.3990,00,5564.00,5821,00,5147.00,3458.00,2563.00,2300.00,2195.00,2172.00, 
WlfrABd,l)=  29.6800,29.2100,27.0600,21,0600,19,2300,15.7000,12.7900,11.4200,11.2200,11.2100, 
W!frABd,2)=  29.6800,29.2200,27,2600,21.2200,19.3000,15.7100,13.1900,12.0000,11.8500.11.8500, 
WWrABd,3)s  29.6900,29,2300,27.4600,21.3700,19.3400,15.7100,13.8500,12.8100,12.7100,12.7100, 


FGAMTd)* 

1.258, 

1.215, 

1.140, 

1.162, 

1.208, 

1.293,  1.230,  1.188,  1.182,  1.181, 

NT=  6, 
'PrABd)  = 

540.00, 

1080.00, 

1980.00, 

3060.00, 

4860.00, 

7020.00, 

VSPd,l)  = 

0.4190, 

0.6580, 

0.9760, 

1.2920, 

1.7140, 

2.2070, 

vspd,2)  = 

0.5000, 

0.7950, 

1,1790, 

1.5640, 

2.1080, 

2.6720, 

VSPd,3)  = 

0.6140, 

1.2030, 

2.2020, 

3.2520, 

4.6930. 

6.1210, 

VSPd,4)  = 

0.9950, 

1.5980, 

2.3670, 

3.1460, 

4.2420, 

5.3780, 

VSPd,5)  = 

0.9940, 

1.6230, 

2.4160, 

3.2090, 

4.3320. 

5,4930, 

VSPd,6)  = 

0.8510, 

1.5200, 

2.3500, 

3.1490, 

4.2450, 

5.4020, 

VSPd,7)  = 

1.1020, 

1.7810, 

2.6400, 

3.5110, 

4,7370, 

6.0040, 

VSPd,8)  = 

1.1560, 

1.9120, 

2.8630, 

3.7960, 

5.1300, 

6.5060, 

VSPd,9)  = 

1.0750, 

1.7950, 

2.6970, 

3.5710, 

4.8330, 

6.1300, 

VSPd,10)  = 

1.0560, 

1.7470, 

2.6160, 

3.4680, 

4.6870, 

5.9440, 

VSPd,ll)  = 

0.6280, 

1.0780, 

1.6370, 

2.1770, 

2.9420, 

3.7350, 

CPTABd,l)  = 

2.500, 

2.500, 

2.500, 

2.500, 

2.500, 

2.500, 

CPTABd,2)  = 

7.000, 

7.050, 

7.350, 

7,990, 

8.620, 

9.110, 

CPTABd,3)  = 

8.080, 

8.730, 

10.220, 

11.750, 

13.200, 

14.010, 

CPTABd,4)  = 

7.000, 

7.240, 

8.000, 

8.510, 

8.850, 

8.990, 

CPTABd,5)  = 

7.000, 

7.300, 

8.100, 

8.600, 

8.910, 

9.050, 

CPTABd,6)  = 

8.940, 

11.350, 

13.290, 

14.340, 

14.830, 

15.130, 

CPTABd,7)  = 

7.000, 

7.040, 

7.460, 

8.090, 

8.730, 

9.100, 

CPTABd,8)  = 

7.070, 

7.700, 

8.470, 

8.890, 

9.440, 

9.920, 

CPTABd,9)  = 

7.170, 

7.500, 

8.280, 

8.690, 

8,970, 

9.120, 

CPTABd,10)  = 

5.260, 

5.090, 

5.020, 

5.010, 

5.020, 

5.120, 

CPTAB(1,11)= 

8.570, 

12.560, 

18.150, 

21.700, 

24.000, 

25.000, 

NTL=  10,  10, 

TLId,l)=  400.00, 

440.00, 

480.00, 

520.00, 

560.00, 

600.00,  640.00,  680.00,  720.00,  760.00 

TLId,2)  = 

500.00, 

550.00, 

600.00, 

650.00, 

700.00, 

750.00,  800.00,  850.00,  900.00,  940.00 

PVd,l)  = 

0.270, 

0.850, 

3.940, 

11.800, 

30.000, 

80.000,180.000,330.000,660.000.1200.00 

PVd,2)  = 

1.160, 

4.840, 

13.540, 

33.800, 

73.500, 

140,000,235.000,382.000.617.000,823.000 

RHOLd,l)a 

.058000, 

.055600, 

.054100, 

.052700, 

.050850, 

.048700, .046300, .043500, .039350, .032400 

RHOLd,2)  = 

.029400, 

.028000, 

.026700, 

.025300, 

.023900, 

.022500, .021200, .019800, .018400, .015600 

CPd,l)  = 
CPd,2)  = 
LAMd.l}  = 
LAMd,2}  = 
NTP1J4»  7, 
TPILMd,l)  = 
TPIl2Jd,2)  = 
WISd,l)  = 
WISd,2)  = 
KVAP (1,1)= 
KVAPd,2)  = 
CPVAPd,l)  = 
CPVAPd,2)  = 
$END 


0.35000,0.35000,0.35300,0.37200,0.38800,0.41400,0.46400,0.54300,0.70000,0.87000, 
0.65300,0.67700,0.70200,0,72600,0.75100,0.77500,0.80000,0.82400,0.84900,0.86900, 
435,000,430.000,422.000,412.000,403.000,392.000,379.000,365.000,346,000,315,000, 
302.500,288.000,269.000,245.400,221.000,192.300,156.900,118.800,  72.100,  26.300, 
6, 


400.00,  600.00,1000.00,1600.00, 
400.00,  800.00,1200.00,2000.00, 
0.62400,0.92000,1.57000,2.34000, 
0.33600,0.36800,0.40000,0.46400, 
0.0940,  0.2240,  0.4850,  0.8750, 
0.1628,  0.3336,  0.5044,  0.8460, 
0.231,  0.238,  0.253,  0.269, 

0.580,  0.610,  0.640,  0.700, 


2400.00,3200.00,4000.00, 

2800.00,4000.00, 

3.21000,3.91000,4,57000, 

0.52800,0.62400, 

1.3900,  1.9100,  2.4400, 
1.1876,  1.7000, 

0.286,  0.297,  0.300, 

0.761,  0.852, 
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LOX  Properties: 


In  order  to  increase  computational  accuracy  and  to  reduce  the  required  amount  of  input,  curve  fits 
for  liquid  and  gaseous  oxygen  physical  properties  are  included  in  the  source  code.  The  program 
searches  through  the  list  of  propellant  names,  and  if  the  name  LOX  is  found,  then  the  table 
interpolation  is  skipped  and  built-in  curve  fits  are  used.  Except  for  LOX  viscosity  which  is 
supplied  as  a  table,  all  of  the  oxygen  properties  required  by  the  code  are  curve  fit.  The  required 
properties  are  listed  below: 


1 

Vapor  Pressure 

(PSIA) 

2 

Boiling  Temperature 

(”R) 

3 

Liquid  Density 

(Ibm/in^) 

4 

Liquid  Viscosity 

(Ibm/in-s) 

5 

Surface  Tension 

(Ibs/in) 

6 

Liquid  Specific  Heat 

(BTU/lbm-°R) 

7 

Heat  of  Vaporization 

(BTU/lbm) 

8 

Vapor  Viscosity 

(Ibm/in-s) 

9 

Vapor  Conductivity 

(BTU/in-s-°R) 

10 

Vapor  Specific  Heat 

(BTU/lbm-°R) 

Table  1  of  Appendix  B  gives  the  curve  fit  equations.  Fits  for  items  1,  2,  3,  6,  8,  9,  and  10 
were  taken  from  NASA  TR  R-67.  The  heat  of  vaporization,  X,  curve  fit  in  that  report  gave  a 
poor  result  near  the  critical  temperature.  The  heat  of  vaporization  curve  fit  used  here  was  derived 
by  G.  Nickerson  by  fitting  a  graphical  representation  of  A.  vs  T  given  in  Aerojet  Report  No.  9050- 
1 1 1-65.  The  table  used  for  liquid  viscosity  and  the  curve  fit  used  for  surface  tension  (items  4  and 
5)  were  taken  from  the  ROCCID  code,  NASA  CR  1087109. 

The  properties  listed  above  can  be  plotted  for  any  propellant  by  setting  the  $SCAP 
namelist  variable  PLTPROP  =  TRUE.  The  temperature  range  over  which  the  liquid  and  vapor 
properties  are  plotted  is  taken  from  the  first  and  last  entries  in  the  TLI  and  TFILM  arrays  of  the 
$INPUT  namelist. 

Plots  are  given  here  for  the  liquid  and  vapor  properties  of  oxygen.  For  reference  purposes 
a  temperature  entropy  diagram  for  oxygen  is  included  here  for  the  low  temperature  range,  i.e. 
150°R. 


1(X) 


Table  B-1 .  Physical  Properties  for  Oxygen 


1,2 

Vapor  pressure 

In  R 

3 

Density  of  liquid 

PL 

4 

Viscosity  of  liquid  oxygen 

Pi 

5 

Surface  tension 

6 

Specific  heat  of  liquid 

CpL 

7 

Heat  of  vaporization 

X 

T^rit 

8 

Viscosity  of  oxygen  vapor 

P. 

9 

Thermal  conductivity  of  oxygen  vapor 

K 

10 

Specific  heat  of  oxygen  vapor 

Cp.a 

=  11.9584 - -  .Ib/sqin 

1^-3.5680 

=  0.023079  +  2.7359  x  IO  'T, 

-  9.9465  X  I0‘^T,.7  Ib/cu  in 

Given  as  a  table,  see  plot  lb/( in-see) 

=  2.77342  X  10  -  -  1.36508  x  10  "  T,. 

-I-  1.31254  X  10  **  T|,-,  lb/(in-sec) 

=  0.3726 -H  2.0482  X  10^  T,,.  BTU/(lb°R) 

=  ll.67(T,ri,-T)''--2,81(T„i,-T) 

-  .00136(T,ri,-T)’'7  BTU/lb 

=  278.6.  '’R 

=  2.2500  X  10^  +  1.1702  X  lO"  T.  Ib/(in-see) 

=  2.6611  X  10^  +  3.4057  X  10 '"X. 
BTU/(in-see°R) 

=  0.21333  +  2.2111  X  10' T.  BTU/db^R) 
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INCH  ] 


"  VflP.  (BTU  /  LBM)  VRP0R  VISC-  (LBM  / 

40.00  80.00  120.00  .00  2.00  4.00 


05 


ND.  (BTU 


1000.00 


2000.00  3000.00 

TEMP  (R) 


4000.00 


5000  .00 


6000.00 


1000.00 


2000.00  3000.00 

TEMP  (R] 


4000.00 


5000  .00 


600^: . 
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